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ARTICLE I. 

Utter from yl/r. John Gough, containing a Narrative qf fmt 
Iffi common EffeSti of Li^hlni^, by the Rev, Jo n at H a N Wi l- 
soN, and Uemarka by the Communicator* 

SIR, Middlejhaw, Aug, 13, 1804. 

TThE followinff is a copy of a letter which I lately received ^ 
from (he Rev. Jonathan Wilfon, Vicar of the parifti of Bic)* 
dulph, in StafTorddiire. The fa6ls and remarks contained in 
it, may prove acceptable to many of your philofophical 
readers, as well as to royfelf ; and by giving it a place in your 
**jdPk'nal, you will oblige • * * ^ 

JOHN GQUGH. 

Congleton, Aug, 1, 1804, 

following circumHance induced me to defer my reply Stroke of light* 
to your l^ler ftfr a few days : On the 15th ult. I was informed gjj® 'affeding a 
in my way to chufch, by the farmer of Biddulph Hall, that, circle ut soyarUi 
on the 7tli, the lightning flruck a plain arable field of his, 
which he ufes at prefect for a cow pafiure. I went with him, 
and found that the^'le^ric fluid had killed the lops of the taller 
Ihiflles, in a circle of about twenty yards in diameter; but 
VoL. IX.— Septkmber, 1804. B the 



ON LIGHTNING, 

€ herbage and ftnall tbiftles, no higher than the grafsi^ did 
ot appear to have been fioged at all. Thofe in the centre^ 
about three yards, Teemed much Icfs injured than thofe 
iktarer the circumference. In two places the foil was turned 
Up» a few feet in length and an inch or two in depth ; and 
where the ground ceafed to be broken up, one might perceive 
that the lightning had glanced» with feveral ramifications, 
along the fur face, but under the long grafs, leaving a track, 
fuch as moles and mice fometimes make. In one place, where 
the impreffion made upon the foil was deepefl, and fomewhat 
refembied the letter V, a firaight round hole appeared at the 
angle, which was about two feet deep, and about three inches 
in diameter. 

Probability of a Aflcr 1 had left the place, it occurred to me that this hole 
Men from ^hc produced by a flone falling fiom tlic clouds, 

atmofpherc. a phenomenon which has lately caufed much fpcculation. 

The more I thought of this, the more probable it feemed. 
The hole was round and perpendicular, at no great diftante 
from the end of the barn, and a tall tree was alfo near the 
place ; either of which was more likely to at(ra6l the light- 
ning than the plain field. A <very lofty tower, which was 
llruck a few years ago, was about three times the cliflance of 
the tree. The thunder w’as not fo loud as when the low'pr was 
ilruck, but the Imell of fulphur was much ftronger. Thefc 
confideralioiis determined me to return the firll opportunity 
and examine the place more thoroughly. 

On examination From one caufe or other 1 could not do this convenienlly 
none was found, before yefterday evening, when the farmer and his fon very 
obligingly w^ent with me, and dug a circular pit about four 
febt in diameter, hhving the hole in its centre. At ihq. 

' of two foet they came at a fliivery rock of grit, in which 1 

hoped to find the expe6tetl ftone imbedded ; but w hen the foil 
was cleared away level with the bottom of the hole, the?e was 
no fuch thing ; nothing appeared but fmall, oblong, tlat^ivOccs 
of grilftone, through the inoifl crevices of which tffPeleCtric 
fluid probably efcaped. Though difappointed in the principal 
part that I hoped to communicate, I reftdved to fend you tlie 
above, as I think the lightning very feWom defeends fo far into 
folid ground, unlefs when guided by fomokpaiticular conduc- 
lor. If the account afford you any information oramufemenl. 


ON LIGHTNING. 


I 0iall be glad ; and Ihould the fubjedl merit any Gf yolit 
queries, they will be received with pleafure by 
Vour Jmmble fervant, 

JONATHAN WILSON. 


UcTtiarks on the above. 

THE firft part of Mr. Wilfon's letter countenances Dr, Wkethet fairy- 
Darwin’s explanaliou uj liiiry-rings; for of all the thiftles in- "“^^^®***“* 
eluded in the ele^rihed circle, thofe in the centre received 
the lead injury. The hypotheds of Dr. Darwin has always 
Teemed tome to labour under unfurmountable difficulties ; and 
this is the reafun why I point out a ta6t which edablifhes an 
exa£t agreement of the explanation, and natural appearances, 
in one indance. 

Fairy-rings are permanent obje£ts, the nature of which h 
but imperfedtly underdood ; and it is to be wifhed iiiat Mr. 

Wilfon would find leifure to obferve and deferibe the future 
jconfequences oT the eleftric dilchargeat Biddulph Hall, The 
herbage of the ramified figure mentioned in the letter, will in 
all likelihood die in (he cuur^ of a few weeks ; bccaufe plants 
that have fudained drong electrical diocks, feldom furvive the 
operation more tiian a month or (wo. Should this change take 
place in the circle, it will give anew appearance to the furface 
of the ground, by expoling to view tlie branched path of the 
lightning ; nor is it improbable but that this alteration will be 
fucceeded by another of a more Angular kind. There is rea- 
fon to fufpedt, that each ramihcatiuii of the track will be again 
covered with a lively verdure the next fpring, being accom- 
panied at the fame time bv a contigyous pati ti of bladed 
4ierbage refembling its own (itjj'jre. This fufpicion is counle- CompArifon with 
nanced by certain obferv iiiuiis of Dr. Hutton of 

who* remarked, that iiu* fairy-rings upon Arthur^ Seat annu- the fairy-iingg 
allV- increafe in dianiettr ; i, e, the withered circumference of°^ Arthur’s 
each cirtlc becomes green in fpring, arul is furruundfd in a 
fliort linve by a frelh : ng of a ruffet colour. We have no 
right to difpute iV.<' jud ee of Dr. Hutton’s obfrn'ations, but 
the quedion is undetermined, whether the appearance is con- 
flant, or refults A’onirthe nature of the foil. The peruial of 
»lhe foregoing remarks will perhaps admonifh my friend Mr* 

•Wilfon, that Fortune has lurnilhed him with an opportunity 

B 2 of 
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of p/ofecuting the inquiry, fuch as (he rarely affords to perfons 
of correal obfervation. I will not Irefpafs upon your pages 
by a comment on the remaining fads of my friend^ letler ; 
let them fpeak for themfelves ; in particular, the preference 
of a thunder cloud to low ground, in the prefence ot lotty 
objeds, including a tall tree. 

JOHN GOUGH. 


annotation: 

I BELIEVE the opinion that fairy-rings are caufcd by light- 
ningi is of confiderable antiquity. Dr. Prieftley gave fupport 
to this concluiion by bis experiment of the concentric rings 
formed on a polifhed metallic furface by the explofion of a 
battery. An cffed of this kind produced in Keniinglon Gar- 
dens, is defcribed, with an engraving, in our Quarto Series, 
Vol. 1. p. 34-6. 

’ w. n. „ 


It, 

On the Computation of Tables of Squares and Cubes, In a Letter 
from E. O. 

To Mr. NICHOLSON. 

SIR, 

Computation of I SHOULD not have troubled you with any remarks on the 
/ubc*^** method of computing fqoares and cubes, if I had not fecn tlie 

paper which ^as pointed on that fubjed in your JournaK'for^ 
lad July. , But as it appears, from that letter, that there may 
be perfons who would like to employ themfelves on thefe cal- 
culations, it is dedrable (bat the plained and cafied methods 
dinuld be pointed out to them. 

Every one who is accudomed to calculationv is a^uuinted 
with the advantage of condantly repeating the fame opera- 
tions. When the refult of any calculation is to be made out, 
in fome parts by multiplication and in by divifioii, fub- 

tradion, or additiony it is impoffibie roi^e mod unwearied 
diligence to avoid occadonal midakes. It is right, therefore, 
toiimplify as much as poffible in this refped; and if the calcu- 
lation 
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lation cannot be efTefted by a fingle operation, I believe I fhall Com^iatitkutef 
be joined by all perfons accuftomed to arithrtietical com pula- ^ 
tion, in recommending the ufe of addition^ in preference to 
fiibtradtion, and of multiplication in preference to divifion. 

Your correfpondent H. G. does not feem to have paid fuffi- 
cient attention to thefe confiderations ; and I fear that he not 
only would be foon wearied, if he were to work by the me- 
thod which he recommends, but (what is of Aill more confe- 
quence) he could not depend for any continuance upon the 
accuracy of his computations. 

The only method by which an extenfive table like Mr. 

Councer\s could have been calculated, mud have been by the 
condanl addition of differences ; and the rules for this method 
may be eafily deduced from the following confiderations : Let 
T+.Sa, numbers in arithmetical pro- 


greffion. Then by the binomial theorem, 

* = a* + Gar + 9«* Differences. 

2 J Dijffcrenccsm 

X ^ X* -f- 1 ax -j- * 

2a,r -j- 5a* 

% 

2a* 

x -f * iz j:* -|- 2ax -f- o* 

f 2ax 3a* 

2ar a* 

2a» 


It will be foreign from my prefent purpofe to enter into a 
particular confideration of the manner in which thefe differ- 
ences anfe. It will be futficient to remark, that the fecund 
difference is conftant, and that its value will be always 2, 
when we confider « asZT J, or the progreffion x -f- 3a, x-f~2a, 
Xc.»as a feries of common numbers differing Trom one an- 
other by unity. Hence the firft differences of the fquares of 
fuch luiinbers become themfelves an arithmetical progreffion, 
of w'hVh the common difference is 2 ; and confequently, if 
w(* bijiow the firff difference between the fquares of any two 
fuch numUt^rs, w^e can find the difference between the fquares 
oi the two next. 

* If this opinion wanted any argument in its favour, I might 
fuppoit it by the authi/?hy of that able mathematician Captain 
Mendoza, who has calculated his new tablet in fuch a manner as to 
make all the equations additional. 


What 
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What has been faid may be exemplified by applying if* to 
cubS!* the continuation of Mr. Councer's fquares. For 

798684121 is the fquare of 28261, 

798627600 is the fquare of 28260, 

56521 is their difference, therefore 56523 is 
the difference between the fquare of 2S261 and the fr]uare of 
28262. By the addition in every inffance of 2, we may find 
the feries of differences ; and by the conflant addition of them, 
we may eafily 6nd the fquares. Thus 

798684121 =: 2826 1] * 

56523 

798740644 Zi: 282^^ 

56525 

798797169 IT 2826?-* 

56527 


798853696 — 2«'\^4 " 

56529 

798910225 13 282i>:-> 


By a fimiLir method the table of ^ might be continued 
by the addition of differences ; but, in this cafe, the calcula. 
tion will be a little more complicated: Becaufe, if the terms 
of any arithmetical progreflion be raifed to the »th power, 
there will be n orders of differences, and the laft will be the 
only one of them which will be conflant. For the cube, 
therefore, where nzz3, we fliall have one order of differences 
more than for tiie fejuare. , 

As befpre, let the progreflion be j -f- 3flf, r + 2a, x a, x, 

&c. 

( 
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if therefore wc make a~I, the third tllfFerence will he 
cdoftanlly 6, and the fecond difference will become 6 j+ 18, 
6i+ 1.?, 6rH-6 ; fo that if any three numbers be taken in 
an arithmetical feries (in which a = 1 ), the fecond difference 
of their cubes wifi be conflantly fix times the middle number. 

For the fake of example, we may apply ihefe obfervalions 
to the continuation of Mr. Councer's cubes. We may confider 
26559, 26560, 26561, as part of an arithmetical feries: by 

the tabic we could find the difibrence of Uie cubes of 26559 

and 



5 COMPUTATION OP SQUARES AND CUBES. 

Computation of and 26560, and, by what has been obferved above, the fecond 
difference of the three cubes will be* 6.26560 ZZ 159360 ; 
which, added to the difference between the cubes of 26559 
and 26560, will give the difference between the cubes of 
26560 and 26561. So far we fliould proceed exactly in the 
/teps which are traced out by your correfpondent H. G. ; but 
I differ from him in this refpe6t, that 1 fliould by no means re-> 
commend this method for the folitary calculation of any parti- 
cular cube : it is only aientioned here for the fake of fliewing 
how toafeertain the numbers by which we mufl commence the 
feries of differences, when we want to continue a table which 
has already been calculated to a certain extent. For the third 
difference is conflantly 6 ; therefore if we take an arithmetical 
progrefllon, of which the terms differ from one another by that 
number, and whi^ begins w'itli 159360 (fuch as 139360, 
139366, 159372, fyc,), we fliall afcerlain the fccond dif- 
ferences of the cubes which we want to find. Tliefe fecond 
differences muft be added to the refpedlivi; lirft diiferences, t 
and, by that means, we fliall find a feries of numbers, which, 
added to each particular cube, will give us the cubes of the 
numbers next above it. Thus ^ , 

26560 \ 3 — 187 363 J6'U 6000 
26559] * =Z 18731-200191.879 

2116221121 ZI 205(70)3 — 2655^3 
159360 2d Difl’erencO. 


2ll63So^8l rr 2(o(;j]3 
159366 2d DitfiTence 


21J 65398-17 ZZ 136562P - 
" 159372 2d D. 



21U)69y'2iy — _ ‘265621 » 

159378 2d D. * 

2116858597 = 2(0611’ - 26563\5 '' 
159381. 2d D. ’ ' 

2117017981 ~ 26565]’ 2656 !•] * 

Having thus afcerlaiiied Ihe firfl dilTerenccs, we may pw* 
ceed to add them to the cubes : ^ 


* The dot (.) between the figures is here ufed as the fign of 
multiplication. 
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1873631641GOOO =I^65GoV 
21 1638043 1 1(1 Diff. 

*738432796481 = 265 6 A* 

2116539847 1ft D. 

18740549336328 IT 26562^ 

2116699219 1ft D. 

18742666035547 ZT 26563V 
2116858597 1ft D. 

16744782894144 ZZ 26564)* 

21 170179S1 Ift D. 

18716899912125 ZZ 26565)* 

The methods here ftated are, probably^ the eahcft which 
can be devifed for conftru6bng an CKtenfive table : but it muft 
frequently happen, that the calculator will want the fquare or 
cube of Ibme number which is greater than any which is con- 
stained in the table. It may be ufeful, therefore, to confider 
the adiftance which the table may afford him in facilitating the 
computation. % 

It is well known, that * Therefore, if we 

want to find the fquare of a number which is e double of any 
contained in the table, we have only to multiply the given 
fquare by 4. In the fame manner, if we want to find the 
fquare of a number which is e\a6tiy three or four times as great 
as any contained in the table, we may find it by multiplying 
the given fquare by 9 or 16. Thus, for example, 

16522331600 r: the fquare of 128540; 

4 

660901261-00 ZI the fquare of 25708q; 

• 16522274321 ZZ the fquare of 128539 ; 


9 

CompiitatlMiff 

iq r mid 

cubes. 


• 149700470689 z: the fquare of 385617. 

* I do not know whether it is worth while to mention the cir^ 
cumftance, but your correfpondent H. G. has made a miftake in 
the application of thijr rule. For he fays that, if we multiply 
the cube of any given root hy 8, the produfl will be the cube of 
twice the next root whereas the produft will be the cube of twice 
the given root. 


Id 
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Csjj^tstiqBaf In Ibis manner we may find the fquares of all even numbers 
^ which do not exceed the double of the table : we may alfo find 
the fquares of numbers* to a greater extent* which are mul- 
tiples of 3 : the multiples of 4 and 5 may be fquared likewife, 
if we multiply by 16 and 2.7 ; but fquare numbers increafe 
very rapidly* and confequenily this method can be only ufed 
(with advantage) for the fmall multiples of the tabular num- 
bers. Wc mufi, therefore* confider fome other method which 
may be applicable to prime numbers and multiples of large 
ones. 

The fquare of 2 j + I n.4x* + 1 + 4x 2 + 

2j.’* — 1 — 2.x + fl’ + 2 j* — I, or 2.x -(- j* — 1. 

If, therefore, we want to find the fquare of an odd number 
which does not exceed the double of thofe which are fquared 
in the table, we muft divide the next even number below it 
by 2* and this half will be equivalent to x in the above equa- 
tion ; the next number above this half will give uj^ 

Having thele two fmaller numbers, we may find their fquares 
by the table; and the fum of their fquares multiplied by 2, 
will exceed the fquare required b;- 1. Thus, it it were re- 
quired to find the fquare of 2,5707it = 2. J 28639 -f- 1 : Here 
X = 123539, and x + 1 = 128540; therefore, by Mr. Coun- 
cer's table* the fquare of 128540 would be 1 652263 J 600 
the fquare of 128639 would be 1 662227 462T 

33044306121 

2 

660S9612242 

Tlicrcforc the fquare of 257079 is 660896122M. 

Inilead of examining 'each particular cafe, when the number 
to be fquared is more than the double of thofe in the table, it 
will be beft to confider the theorem, from which a general qilc 
may be deduced, nx + rr -j- 2a7ii + a* zz wx* 
2anx + ^ w./r- i .x* 

-j- 1 — ZZ M . X -J- -{- rt — 1 .X* 1 — Hence w'e 

muft multiply x* by Ti-i, to the produd add 7+ multi- 
ply the fum of thele two quantities by w, ^nd this laft produ6l 
will exceed the fquare required by /i— i .o®. The only cau- 
tion necclT^ry* is in dividing the given number by x; for as 



COMPUTATION OF SQUARES AND CUBES* || 

fuppofe it equal to nr-|-a, we Aiould make x as great as it Cdiafat«tiM«r 
poflibly can be, without being fo large, that when added Jub^* 
to the remainder a (as T-|-a), it (liould exceed the numbers 
of which the (quares are given in the table. Becaufe a and a 
are the only numbers by which we have to multiply, and as 
a mud be lefs than n, we Aiall always have them as fmall as 
poAible, if we lake x according to the direftions here given. 

If, for example, it be required to find the fquare of 385618, 
which is greater than twice, and lefs than three times 12S340 
(the greeted number which is fquared by Mr. Councer’s 
table); here 385618 zi 3. 128539 + 1 ; therefore if n z: 3, 
xzz 128539, and an: I, Jf-f-a will be ~ 12834'0, and will be 
within the extent of the table : Hence 

I*, or the fquare of 128539, would be by the table 1652227 1521 
n— 1, or 3—1 - “ 2 


. 33044.54904-2 

or the fquare of 128540, would be 1652253J600 


^ 49567080642 

• n or 3 • - 3 

118701241926 

andas7{— l.o*s=2, the fquare of 3856 18 will be 148701241924 

If the fquare required were that of 385619, in this cafe a=2, 
and confequently, if xzi 128539, x + a, or 128541, would ex- 
ceed the extent of the table : therefore n muft, in this cafe, 
be equal to 4, xiz9 6404, and anz3, and 
. the fquare of 96404 = 9293731216 
• .• 5 

27 88 1193643 

• the fquare of 96407 = 9294309649 

37175503297 

* • 4 


148702013188; but n- 1 .a'= 

3.9, or 27; therefore the 7 , 4870 - 201 -Tifii 
fquare of 385619 is 5 148702013161. 

From this example we fee the neceifity of being careful 
that z 4* 0 does not exceed the numben in the table : at the 

fame 
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Computitionof fame time it may be remarked, that this is an extreme cafp, 
cub^ which can never occur but under particular circumflances ; 

for it only happens when the number to be fquared is let's than 
a multiple of the highetl number in the table, and greater than 
the fame multiple of the number next lefs than the highefl; 
that isj for a table like Mr. Councer’s, it mu ft be lefs than 
m, 12S540, and greater than m . 128539 : under thefe circum* 
fiances, if a be greater than 1, the cafe will occur which is 
the fubjedt of the above caution. 

It remains for us to confider the method of finding the cubes 
of numbers which exceed thofc given in the table. 

Upon the principle to which we referred before, that x 
w e may find the cube of a number which is a mul- 
tiple of any one contained in the table, by fimple multiplica- 
tion : for the cube of any number multiplied by R, will give 
the cube of double that number; the cube multiplied by 29, 
64, or 125, will give us the cube of 3, 4, or 5 tmics the 
number : Thus, 

3368928644271 = the cube of n99l 
8 / 

26951429J51-168 =: the cube of 29982. 

1045678375000 = the cube of 
27 


7:3197 I S<)25C)O0 
209l:3.j67.:0()00 

28233316125000 tlic cube of 30 150. 

But as the cubes incrcafc more raj)i(lly even than llie fquares, 
it will llill be more neceflary in this cafe than in the former, to 
eJiablilh fome means of finding the cubes of thole high nupi- 
bers wliich are cither prime nr not csudlly a fiiiall multiple of 
a number contained in the table ; and b) firocectiing in a man- 
ner fimilar to that which we uled for the I'quares we cafily 
eflablifli a general rule for this pur pole : Kor7/t -f- ri)’ = 

+ » + =: f/j 1 -f- 3/m» -f 5 ^ „ ^ 

a ^ + 3««®* — 3ari . x* = n, I -f- n .7/= — f.x ’ -j-y? . 

3ajr2 + l — w.a^^ZTix I • «+* 

I Z^etermine, therefore, n, x, and «, in the famo 

manner 
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nvnner as for ihc fqiiarc, and be equally careful that j 

- - fqu,)rcs and 

does not exceed the numbers in the table; add n 1 to cubes. 

; multiply the film of thefe two quantities by w— 1 ; to 
the produdt add + multiply this fum by n .• this lafl 

product will exceed the cube required by »■— 1 

If, for example, it be required to find the cube of 53119, 
or 2.26339+ I : Then n=:2, a = 1, x=:26559, andj+a=r 
26360, and the cube of 531 19 =2 X 

2656^3 + 3 .26539]5 +3.265591* - I : Therefore, by Mr. 

Councer’s table, the cube of 26559 would be 18734200194879 
The fquare of 26559 - 705380481 

18734903373360 

3 


56204716726030 
The cube of 26560 - 18736316416000 


749H0331420SO 


149882066284160 

therefore the cube of 53 II 9 is - 1 498820662841 59 

Lafily, let it be required to find the cube of 79601, or 
3 .26533 + 2 : here n = 3f 0 = 2, x = 2C533, x + n =r 
26535 ; therefore, by what has been demonftrated, 7960]^* 

= 3 X 26535V +2 X 4.2b533\* 4-(;.5o535)l)- 2.8. 

•JtSSnV = 186792343tfM.37 
2 


. • 373i81-(jH722874. 

21 12000267 

• 

37 3 60.') S07 231 41 
4 


149 142322^92561' 
265 3 aV ^ 1 8683458080375 


168125781572939 

3 


5043773 U7 188 17 

Therefore the cube of 79601 Is • 501377344713801 

E. O. 
Analyf.$ 


-'6533V =704000089 
3 


2112000267 
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III. 


Anahjfi.% of a Triple Sulphuret of Lcad^ Antimony, and Copper, 

from Carnivall, By Charles Hatchet, Efq, F, R. S. 

From the Philofophical Tranfa6tions for 1804. 

Hiftory of the TTlIE fubftance which forms the fiibjedl of this paper, has 
miucral. hitherto been regarded as an ore of antimony ; it is extremely 

rare, and has only been obtained from Huel Boys, in the pariHi 
of Endellion, a mine which, from deficiency of profit, has for 
forne time been abandoned. 

The fcarcity of the ore has probably been the caufe of its 
being unknown to foreign inineralogiAs ; indeed few even of 
the Bi itifli cabinets poflefs it ; but the mofl perfect and beautiful 
fpccimens arc (as far as 1 know) to be feen in the fplendid 
colle£iion of Philip B.a(hleigh, Efq. of Menabilly, in Corn- 
wall. 

To Mr. Raftileigh we are indebted for the firft defeription 
of this ore* ; but no fubfequent notice had been taken of it, 
until the preceding paper w'as wrUten by the Count de Bournon, 
whofe eminent merits, as a mineralogifl and cryllallographer, 
arc w'ell known to this Society. 


Spf gravity. 


1 . 

The fpecific gravity of this fubflance is j7df5, 65* of 
Fahrenheit. 


IL 


Heat by the If fiiddenly heated on charcoal, by the blowpipe, it crackles 
Wow-pipe cx- fplits; but, when gradually expofed to the flame, it 

and whicc*fumcs, and, upon cooling, all'um'^j a dull metallic grey 

and left fulpliu- colour. 

wetiuc^copper. When the globule was longer expofed to heal, white fjmes 
(which at firft had a fulphuieoiis odour) were evolved, and 
partly fettled on the charcoal. 

Ebullition prevailed during the difeharge of thefe white 
fumes; and the globule gradually fuffered confidcrable dimi- 
nution, remaining at length tranquil, and of a very dark gray 
colour. 


♦ Specimens of Britifli Minerals, fele^led from the Cabinet of 
Philip Rafldeigh, Efq. F. R. S. &c. Part I. page 34, Plate XIX, 

Upon 
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JUpon examination^ this appeared to be principally lulphuret 
of lead, which, like a crull, enveloped a minute globule of 
metallic copper, lb malleable as to bear to be flattened by a 
hammer. * « 

III. 

Some of the ore, fiiu^ly powdered, was put into a matrafs, Dieeftion witk 
and nitric acid diluted with aif equal portion of water was aJid|\v(clTndica- 
poured on it. U|K)n being digefied in a low heat, a confiderabic ted fulphur, lead, 
part, was dilfolved, with much eflfervefcence. Some fulphur, ®?PP**^* 
which floated, wasfeparated ; and the clear liquor, which was litUe in^n. 
bluifli green, w'as decanted from the refiduum at the bottom of 
the velFel. 

A great part of the excels of acid being expelled from the 
folulion. It was largely diluted with diflilled water, and fome 
dillblved muriate of foda was added ; but this did not produce 
any alteration in the tranfparency of the liquor. A folution of 
fiilphate of foda was then poured in, and formed a very copious 
precipitate of fulphate of lead. 

When this had been feparated, the liquor was faturated with 
ammonia ; by which it was q^anged to a deep blue colour. A 
few ilocculi of iron were feparated ; and the remainder was 
found to contain nothing but copper. 

The fulphur which had floated, was added to the refiduum 
wdiicli had fubfided to the bottom of the matrafs; and the whole 
was digcfled with muriatic acid. This folution was of a draw 
colour; and, when feparated from the fulphur, and poured into 
a large quantity of water, adbrded a plentiful white pre- 
cipitate. 

^his precipitate was completely refolyed iitlo white fumes, 
by the blowpipe ; and the muriatic folution of it, when added to 
W'aler impregnated with hydro-fulphurel of ammonia, formed 
the (tangc coloured precipitate, commonly known by the ap- 
pellation of golden fulphur of antimony. 

• • 

IV. 

Muriatic acid did not immediately aft upon the pulverized The fame refults 
ore; but a folulion was fpeedily efTefted by the addition of a treatment 
few drops of nitric acid ; pure fulphur was feparated ; and the acid and aVttle 
Jiquor, being decanted into water, yielded a cu{>ious precipitate 
of oxide of antimony* 

4 


The 
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The filtrated folution, by gradual evaporation, afTord^d 
cryfials of muriate of lead ; and the lead which afterwards 
remained in the liquor, was feparated by a few drops of ful* 
phuric acid. 

The folution wa« nowof abright green colour, and, as before, 
was found only to contain copper, and a minute portion of iron ; 
the former was therefore precipitated in the metallic ftate, by a 
plate of zinc. 

Thefc experiments, with others which I have not thought 
necefTary to mention, prove, that the conftituent parts of this 
ore are lead, antimony, copper, and a little iron, combined with 
fulphur; and, when the fpecific gravity, the external and in- 
ternal colour, fra6lure, grain, and other charaflers are confi- 
dered, there can be no doubt but that at lead the three fird 
metals exid in the ore, in, or nearly in, the metallic date, 
combined with fulphur, fo as to form a triple fulphuret ; to af- 
certain the proportions of which, the following apalylis was 
made. 


V, 


Ancdylis* 


itnalyfis. Pul- A, 200 grains of the ore, reduced to a fine powder, were pul 
veruing. into a glals matrafs, and, two ounces of muriatic acid being 
added, the veflel was placed in a fand-bath. As this acid, even 
when heated, fcarcely produced any effefl, fome nitric acid was 
gradually added, by drops, until a moderate effervefccnce began 
to appear. 

Digeftion with The wholc was then digeded in a gentle heal, during one 
aiiro-mur. . j^d a green coloured folution was formed, whilft a 

quantity of fulphur floated on the furface, which was colledled, 
and was again Uige/tvd in another vcfTel, with half an ounce of 
muriatic a,rid. 

Tin* fulphur then appeared to be pure, and, being well waflied 
and dried on bibulous paper, weighed 31- grains : it was after- 
wards burned in a porcelain cup, without leaving any other 
refidium than a flight dark (lain. « ' 

The green folo- B. 7'he green folution, by cooling, had depofited a white 
tion affoidcd, by (ediment ; but this difappeared upon the application of 
addition of the muriatic acid in which the fulphur 
had been digeded. 

The folution was perfe^lly tranfparent, and of a yellowifli 
green: it was made to boil, and in this Hate was added to three 

quarts 


left fuljtbur^ 
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flU^rts of boiling diftilled water, which immediately became 
like milk ; Ibis was poured on a very bibulous (ilter« fo that 
the liquor pafled through before it had time to cool; and 
the white precipitate thus colledled^ being well edulcorated 
with boiling water, and dried on a fand-bath. weighed 63 
grains. 

C. The waftiings were added to the filtrated liquor; and theand by fubft- 
whole was gradually evaporated at different times, between evapora* 
each or which it was luffered to cool, and remain undiiturbed/«jj. 
during feveral hours. A quantity of cryflallized muriate of 

lead was thus obtained, until nearly the whole of the liquor 
was evaporated : to this laft portion a few drops of fulphuric 
acid were added^ and the evaporation was carried on to 
drynefs ; after which the refiduum. being diflblved in boiling 
diflilled water, left a fmall portion of fulphatc of lead. 

The cryflallized muriate of lead was then diflblved in boiling 
water; and. being precipitated by fulphate of foda. was added 
•to the fornier portion, waswalhed, dried on a fand-bath. and 
then w'eighed 120/20 grains. 

D. The filtrated liquor wa^now of a pale bluifh*green. w'hich Ammonia threw 
changed to deep blue, upon the addition of ammonia ; 

ochraceous flocculi were colleded, and. when dry. were 
heated with wax in a porcelain crucible, by which they 
became completely altradlable by the magnet, and weighed 
2.40 grains. 

E. The clear blue liquor was evaporated nearly to drynefs ; The blue liquor 
and, being boiled with flrong lixivium of pure potafh. until and hoiU 
the whole was almoft reduced to a dry mafs, it was diflblved wcTthen diflbl- 
in boiling diflillcd water; and the black oxide of copper, being in water give 
colleAed and waftied on a filter, was.c5:>mpieiely dried, and 

weighed 32 grains. 

200 grains of the ore, treated as here flated, afforded. 


A. Sulphur - • « 

Grains. 

34. 

ProduA • 

B.* Oxide of antimony - 

63. 

C. Sulphate of lead 

- 120.20 


D. Iron - . - 

2.40 


£• Black oxide of copper 

- 32. 



Bui the metals compofing this triple fulphuret are evidently 
in the metallic flate ; and white oxide of antimony precipitated 
: VoL. IX.— SEfTKMBER, 1804. C flOlU 
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from muriatic sicid by water, U to metallic antimony as 1 30 to 
100; therefore, the 63 grains of the oxide mull be ellimated 
at 48.46, grains of the metal. 

Again, fulphate of lead is to metallic lead as 141 to 100; 
therefore, 120.20 grains of the former are = 85.24 grains of 
the latter. And, Mly, black oxide of copper contains 20 
percent, of oxygen; confequently, 32 grains of the black oxide 
are = 25.60 grains of metallic copper. 

Component The proportions for 200 grains of the ore, will therefore be. 


Sulphur 

- 

34. 

Antimony 

- 

4S.46 

Lead 

- 

85.24 

Iron 

- 

2.1-0 

Copper 

Loft 

25.60 

195.70 
- 4-.30,, 


Or, per cent. 


Sulphur - - ^ - 

17. 

Antimony - • - 

24.23 

Lead - - . - - 

42.62 

Iron . - . - . 

1.20 

Copper • • • • 

12.80 


97.85 

Lofs . 

2.15 


*rhefe proportions, I have reafon to believe, are tolerably 
exa6t; for I did not obferve any eifential variation in the refults 
of two other analyfes, wvhich I made of this fubftance, with 
every pofliWe precaution. 

The loft may be principally aferihed to the oxide of anti- 
mony and fulphate of lead ; but efpecially lo the former, 
which has a great tendency to adhere to fitters and gtaft 
veffels. 

In fome of the preliminary estperiments, 1 obtained a fmall 
portion of zinc ; but, having received, through the kindneft of 
Mr. R. Phillips, of Lombard-Rreet, fome pure cry ftals of the 
ore, 1 found that the zinc had proceeded from blende, whicli 
was imperceptibly mixed in the fpecimens which I had firtt 
examined. 


Dtfeription 
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Defcription of a compound EleStrical Irtfirtmeni for condenjlng 
and doubling: zlUIi Experiments. By Mr. Wilson. 

London f Auguft 10^ ISO^. 

To Mr. NICHOLSON, 

S^R, 

I TAKE the liberty of troubling yoa with the following ac- Compound 
count and drawing of a compound condenfer of eledlricity, 
wliich 1 think is an improvement on Cavallo’s multiplier of 
electricity, defcribcd in his Treatife on EleClricity in the 
tliird volume, of the fourth edition, and if you think it worth 
a place in your Philofophical Journal, you will very much 
oblige me<by inferting it therein. 

lam your obedient 

Humble fervant, 

. • W. WILSON. 

The drawing is an exaCt reprefentation of the inftrument, Defcription and 
about half its real fize, (Plate 3 J The plates A, B, C, D, 
and E are fupported by glafs flicks, covered with fealing wax 
at the upper part ; but the plate F is fupported by a wire, 
wliich has a joint at the bottom, by which it may be brought 
near the plate E, or thrown back away from it. 3 is a ferew, 
which flops againft the glafs fupport of £, and regulates (he 
cliftance of the tw'o plates when one is brought near the other. 

Tlgc plates A, C and E are fixed to the, bottom board, and B 
and D to the levers L 1, which move round the pins p p, and 
and are connected by the rod R. It will be feen by the draw* 
ing,^that when the lever L is moved, the plates B and D are 
moved in contrary directions, that is, they both approach to- 
wards or4’ec(;dc from the plate C at the fame time, but on op- 
pofite fides. The faces of the plates are ground flat, and they 
are fo adjufled that if the (crews 2 2 did not flop the levers 
when they are moved, the face of B would flop flat againfl the 
face of A, and fo would the face of D againfl C. Tim ferews 
,2 2 flop them when at a very fmall diilance, which may be 
made more or lefs by turning the ferews. 

C 2 This 
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con^^nfer^ a inflrument ferves the purpofe of a condenfer, a fingle 

finglc and double double multiplier^ and a doubler of elcdlricity. When it 
* is ufed as a fingle condenfer, the plate B is brought as near A aS 
elcftricity. fcrew 2 will permit, and then the\yires b and / touch one 

another and uninfulate B, which increafes the capacity of A. 
Af the capacity of A is increafed it will receive a greater charge 
of ele6tricity from any eiedlrihed body brought into conta6t 
with it. Confequently, when B is removed, the charge on A 
will be much more inlenfe than it would have been if the plate 
B had not been oppofed to it; but this intenlily will not be 
greater than that of the electrified body, if its furface is not 
greater than the furface of the receiving plate A; for a con- 
denfer does not increafe the quantity of eleftricily, it only col- 
lects it into a fmaller fpace than it was before. So that if the 
electricity of a very fmail body is required to be afeertained, 
the Ample condenfer will not anfwer the purpofe. Some other 
means mud be ufed when this is the cafe, and Cavaflo’s multn 
plier is the lead exceptionable of the iiidruments ufed for this 
purpofe. The indrument reprefented in the drawing forms a 
multiplier, either fingle or double, for when B is near A and 
uninfulated, A will receive a much greater charge that it would 
if B had not been near. And bccaufe B is uninfulated, A will 
induce a contrary date on B, and of nearly equal inlenfity; 
whicii date is preferved: For the indant the lever is moved to 
carry B farther from A ; the conlaCl between the wires ^and.f 
is difconlinued, £?nd B infulated, and as it removes farther 
away from A, the intenfity of its charge will increafe the fame 
as that of A will, and be ready to part with nearly the whole 
to another condenfeni 

« L 

Now as the plate B removes away from A, the plate D ap- 
proaches C, and when at a fmail didance from it, the wires d 
and g come into contaCti which operation uninfulates D,< and 
therefore caufes the two plates C and D to form a condenfer; 
and at the fame indant that d touches g, the wires 6 aud c touch 
one another, fo that nearly the whole of the charge of B is 
communicated to C, which induces a contrary date on D» as 
the charge of A did on B. D will therefore be in the fame 
date as A is, which date is preferved ; for the indant the plate 
B removes away from near C, the plate D alfo removes away 
from it, and the contact between the wires d and g is difeon- 
itinued, and D infulated ; and by continuing the motion the 

plate 
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plgte fi will come near A, and D will remove away from C J** \ 

till the wires b and /touch one another^ at which inftant the andWbla 
wire rf touches the wire e. Now if the plate E and F are 
near one another, they will form a third condenfer, and nearly 
the whole of the charge of D is communicated to £ in the 
fame manner the charge of B was communicated to C ; at the 
fame time B recruits its charge by coming near A, which will 
be communicated to C, which induces a contrary ftate on D, 
and which D communicates to £, and this operation is re- 
pealed every time the lever is moved backwards and forwards; 
fo that the charge on C is increafing at every motion of the 
lever, while the charge on A remains the fame ; and when C 
becomes fo much charged as not to be capable of receiving 
any mofe from B (which will be the cafe in a certain number 
of motions) the operation will Hill go on between D and 
the charge on £ increafing while the charge on C remains the 
fame, fo that £ will acquire a charge as much greater than C 
AS the charge on C is greater than the charge on A, which will 
be manifefled by removing the plate F away from E. When 
the wire a is ferewed into the plate A, and connected with £ 
by means of the wire 4 5; llte inflrument then poflblfes all the 
properties of the double of ele^ricity, for then all the charge 
communicated to E (which is of the fame nature as that of A) 
will be communicated to A, which will continually increafelhe 
inteniity of its charge, and that will have an increafed efre6t 
on B, &c. at every motion of the lever. There is no limits to 
this accumulation, but that where the charge is fo intenfe as to 
pafs from one plate to the other in the form of a fpark. 

1 have made many experiments with this inflrumcnt relative On thefpon* 
lojtsfpontaneous electricity, and I find^ as a^ngle multiplier ^ 

(that is when an eleCtromeler is connected with C) it lias no mftrumenu 
effect on the mod delicate gold leaf electrometer I could make; 
butts a double multiplier (that is when an electrometer is 
connected with E) there is fome fmalleffeCl if fome eleCtricity 
had beencomjnunicated to it within an hour or two, although 
it may have been difeharged by touching each of the plates with 
a metal point (wlfich I find is the molt effectual way of dif- 
charging fmall portions of eleCtricity,) but if it has flood three 
or four hours after being difeharged, it will not give any figns 
^of eleCtricity. When ufed as a doubler it always becomes 
electrified with between eight and fixteen motions of the lever, 

2 even 
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On the fpon- even though it has not been ufed for two or three months, — • 
tricity of *i'is within two or three hours, the ctfect 

inftrumcnt. will take place with fewer motions of the lever, and if it has 
been ufed within a few minutes, two or three motions will be 
more than fufhcient to afcertain the quality of the elediricity. 

It is to be obferved that the indrument was always difcharged 
(by the metal point as before obferved) between each trial. 

In the courfeof making the experiments on the fpontaneous 
cledlricity of this indrument I found that it was always pofi- 
tive if the indrument had not been ufed for two or three days, 
whatever ele6trici(y it was lad charged with. But the lime it 
mud dand unufed after it has been difcharged, to produce (his 
effed, depends a great deal on the weather; if the air is very 
humid, twenty-four hours is quite fufdcient, but if it is very 
dry, it will require four or dve days. 

After I had obferved that after the indrument was charged 
with pofitivc cledlricity its fpontaneous eledlricity was always 
podtive; and that after it was charged with negative eledtn- 
city, its fpontaneous electricity was negative only within a 
certain time after it had been ^difcharged, and then became 
podtive; and alfo that it required a greater number of motions 
of the lever to produce a certain effeCl on the eleClrometer 
with negative eleClricity, the longer it flood after it had been 
charged with negative eleCtricity, and that when it became 
podtive, the longer it dood the lefs number of motions of the 
lever it required to cfFeCl the eleClrometer with pofitivc elec- 
tricity to a certain degree, and this within fomc certain limits. 

I was at a lofs how to account for this change. However, 
after fome conddoraiion, I began lofurpedl dial (he plates (aU 
though all of <he fame metal, copper) had each a prop'?rty 
peculiar to ilfelf, of acquiring a certain fiuall charge of one 
kind of eledricity in preference to the other; and that if they 
were left to themfelves they would naturally do fo. I thdlefore 
began a fet of experiments to afcertain the probability of this 
fuppofition. Fird, directly after (he inftrunicpt had been ufed 
for negative eleftricity, I difcliarged it by touching each of tlie 
plates with a metal point, which 1 held in conta6t with each 
plate for two or three feconds. An electrometer was then 
connected with tjie plate A, and while it was in this dtuation, 
it was made to diverge with podtive eledricily it was then 

* The electrometer was made to diverge by bringing an excited 
glafs or fealing wax near it. 

. dif- 
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ftifcharged by a flight touch with the finger« the lever was then On the fpon- 
moved backwards and forwards about fourteen tipies, .and die 
eledrometer diverged with negative ele6t> icity. This was re* inftrument. 
pcated feveral times with the fame effect. 

The lever w^as then put in fuch a poiition that the plates 
could not be fuppofed to a£l as condenters, one pair more than 
another^ and the whole was left' untouched for twenty-four 
hours. It was then tried^ and with twenty motions of the 
lever the eleclrouieter diverged with potiiive ele^ricity. 

It was then left untouched for eighteen hours more, and on 
trial the eleflromeier diverged with pofitive eledtricity. The 
inflriiment was next difcharged w*ilh the metal point as before, 
and the eledtrometer made to diverge with negative eledtricity, 
which was difeharged by a flight touch of the finger. The 
lever was now worked, and with nine motions of the elec* 
trometer diverged with pofltive eledtricity. It w'as then dif* 
charged • and left untouched for fixteen hours, after which it 
diverged with pofitive eledtricity after a few motions of the 
lever. It was then left untouched for five days, after that 
time it gave pofitive elcdliicity when the lever was worked. 

Thefe experiments 1 have repeated a great many times with 
the fame etTedl. 

As It appeared from the foregoing experiments that the re- 
fiduuni on the cledlroincter was infufficient to overcome the 
efledt of the refiduum on the plates, I was induced to charge 
the whole inflrument with the eflft'dl of the eledtricity, I would 
willi to communicate to it, and this I did by making the elec- 
trometer diverge with the defired eledtricity, and while it was 
divergent 1 began working the lever, to communicate the cf- 
fedtto all the plates. I charged the mftrument with negative 
eledtricity firfl, and dilcharged it with the metabpoint. The 
le^er was then worked, and in eight motions the eledtrometer 
diverged with negative eledtricity. It was then left untouched 
for five days, whei\ eighteen motions of the lever made the 
eledtrometdl diverge with pofitive eledtricity. This has been 
often repeated v^ith the fame efFedt. 

The inflrument was next charged with pofitive eledtricity, 
and difeharged as before, after which, fix motions of the 
lever made the eledtrometer diverge with pofitive eledtricity. 

It was left untouched for twenty-four hours, when the elec- 
trometer 
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trometer diverged with pofitive eledtricity with twelve motioLis 
of the lever, and fo it did after it had flood untouched for fix 
days. 

The probability of the foregoing fuppoiition concerning the 
property of the plates acquiring a charge of one ele6lricity in 
preference to the other, was more (Irengthened by the follow- 
ing experiment, which has been repeated feveral times. The 
infirument was charged with negative ele6lricity, and then left 
without difcharging for twenty-four hours, when fixteen mo- 
tions of the lever made the ele^rometer diverge with pofitive 
cleflricity. 

I make no doubt if the plates were of different metals this 
effedt would be more firiking, and that in fome cafes we 
fiiould have the contrary eleflricity. J intend to confiru6l one 
of thefe infiruments in fuch a way that plates of any metal 
may be put on, and their effect tried. I think this a fubje6t 
well worth purfuing as it may throw fome light on fome of the 
phenomena of ele6tricity, which have their caufes at prefent' 
buried in obfiNirity. 


V. 


JVofe reJpeSling the Sufpenjion of Zinc in Hidrogen, and the con* 
fiquent Ignition and Fujion of Flatina Wire, Bj/ Amicvs, 

To Mr, NICHOLSON. 

Dear Sir, 

Ignition and 1 EMPLOY ngajbmcter of a much more fimple conftrufiion 
fn^”thter5o"s expence than Lavoifier\ which that fkilful and 

gazometer, intelligent artifi, Cuthbertfon, invented at my entreaty, about 
ten years ago. It is deferibed in your valuable Journal (quarto 
feries, vol. 11. p. 235 ,) The brafs rod or the thick wire, which 
conveys the electric fire through the upper receiver, has about 
half an inch of platina wire appended, to hang juft over the 
aperture through which the hydrogen gas rifes at the bottom 
in the brafs work. Zinc of any other fort of metal would 
either be melted or readily oxide d._ B ut the other day, I was 
much furprized to fee the platia^pjlk on becoming as ufual 
red hot from the flame of the hy3og4^as, melt into globules 

as 
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as aeadily as copper or brafs wire would have done. I foon «»caufed by the 

perceived from ihe colour of the flame of the hydrogen and ^ 

(lie depoiit of white clouds on the iniide of the glafs, that the 

rapid folution of the finely powdered zinc ufed to afford the 

gas, that this metal was a6tually fufpended or difTolved in the 

gas^ and hence the zinc adtiiig to the platina fufed the latter. 

It may be perhaps ufcful to know this fa£f> which occurred 
during the public le6lure. 

Your's^ as ufual, 

AMICUS. 


Jul^2, 1804. 


VI. 


De/bription^of a Bloxo^Pipe acting by the Prejfure of Water , by the 

* Abbe Melograni, In a Letter Jrom Mr, G. B. Gkeenough. 


To Mr. NICHOLSON. 


SIR, 


No, 15f Parliament-Street^ 

Auguft 13, 1804. 

P KRMIT me to make you acquainted with the principle ofBIow-pjpe fap- 

an inftrument invented by the Abbd Melograni, and ufed by 

him at the Royal Mi neralogical Colieftion at Naples, as a chan nng their 

fubflitute for tlie blow-pipe. I regret that I cannot fend you pof»bo«i* * 

an accurate account of its confirudtion, as I made no fketch 

at the. time, and fpeak only from recol!e£lion. 

Two hollow glafs globes of convenieBt*f]ze*were conneflcd 
together by two brafs tubes laid along-fide each ot^er, one of 
them having a valve or flop cock, I am not fure which, at 
each end, and a fide tube of the fame metal going off from the 
middle at right angles. The frame was attached to the verti- 
cal tubes,* fo as to allow the globes to circumvolve each other. 

Let the lower globe be half filled with water and inverted; 

Then the water in A (Fig, 2. Plate IV.) running into B 
through the tube C, will force a confiant fiream of air into 
the tube D, and thencp, the upper orifice being clofcd, into 
•the fide-tube £, at the rooulb of which the candle is placed. 

When the water is nearly run out invert the globes. 


If 
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If (he principle of (his inllrument Aiall appear to yoo»de, 
ferving of the public aKention, it would give me plea fare to 
fee it fubmitted to the readers of your excellent Journal. I have 
the honour to fubfcribe myfelf. 

Sir, 

Your obedient humble fervant, 

G. B. Greenougii. 


VIL 

Outlines of the Mineralogical Sijiems of Rome de Lijle and the 
Haiijj; uith Obfercations, By the Abbe Buee* Com- 
municated by the Hon» Robert ClifI'okd. 

To Mr. NICHOLSON. 

SIR, 

Outlincsof the VV HEN (he public mind appears at any time (o direfl it- 
Rome 1-Ow.iids a paihvular fcienct (as it does at prefent towards 
dc Liflc, and the mineralog),) no peifon can feel the necelTity of removing any 
Abbe Hauy. erroneous opinions relating to that fcience, more forcibly than 
a gentleman who dedicates his time, as you do. Sir, to pro- 
pagate coiTvfl feience by means of your Journal. Adtualed 
by the fame fentiments, may 1 requefl the infertion of the en* 
clofed paper, whofe objedl is to remove feveral erroneous 
opinions relating to the mincralogica) fyflems of Romd de 
L'tfle, and of the Abbe?, Hauy. It was wrillen by the Abb^ Bu^e 
in French fora friend of his, but on its being communicated to 
me by the author, Itequelled leave to fend an Englilh tranf- 
lation of ^t to you, thinking it might be acceptable to thofe 
who are fond of philofophical purfuits. Should your oninion 
coincide with mine, you will certainly afford it a place in one 
of your enfuing numbers. 

And I remain. Sir, 

Your very humble fervant, 

Robert Clifford. 

TTelbeck-Street, July 13, 1304. 


A Letta' 
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A ^Letter from the Abbd Buee to Mr. — , on Mr. RomS de VIJlc*t 
and the Abbd Ilauy*s Theories of CryfiaUography* 

Sir, 

IN confequence of your requeft, I fend you the of 

the two Theories of Cryftallography, which feeni to divide Rome dc I'Jllo 
mineralogies in this country, thofe of Mr. Rom6 de L*lfle and Hauy. 
of the Abbd Hauy, You are perfedly acquainted with the 
former theory, but nearly a ilranger to the latter. Having 
lived i’or fix and thirty years in habits of intimacy with the 
Abbe, I dwell w'ith pleafure on his works, and will do my 
Otmoft to fatisfy your curiofity. 

To Mr. de L'lfle is due the merit of having called the at- De PlUe firfr 
tenlion of naturalifts to that neglected branch of 
cryflallograpliy ; of having difeovered that that branch, though phy. 
neglected, was perhaps the mod interefting part of mineralo- 
gy, and yic only part which could raife it to the dignity of a 
con eft f 'icnee; in (hort, of having difeovered order, by nu- 
nieious obfervations as ingenious as new, there, w^here a 
Cronftel, a Bergman, a Bu^on, or a Kirwan could perceive 
nothing but confudon; and thus feemed to refeue nature from 
the charge of caprice, almoA imputed to it becaufe great mi- 
neralogies had negicftcd to ftudy its unerring laws. 

It was cxclufivcly referved to the Abbd Hauy to point out, Hauy firJl ex- 
to explain, and apply Ihofe laws. He demonftrated where 
De L*Iflc affirmed. He difeovered tliofe hidden faBs, which 
he has fincc ihewm to be the mathematical confcquences of 
fafts obferved by De L’lfle. If the latter furniffied a part of 
the materials, the Abb<5 has augmented and employed them. 

Tile difeoveries of ihefe two writers, Ibrcc^ me to fubdivide 
cryftallography into two diftinft parts; defcripdve and phi- 
lofophical ; and under thefe two heads I will rapidly deferibe 
th? labours of each author. 

Deferiptive . — The moft important part of Mr. de L’llle’s Dpferiptive cry- 
work cdnlifls in hiscryllallographical tables. In each of tiiefe 
tables (feven in number) he deferibes one of the principal 
forms aflumed by cry dais, and then delineates the diiFercnt 
modifications of which that form is fufccptible, by means of dlfl. 
ierent troncations (troncature) as he calls them. 

For elucidation, let us take a cube, the primitive form of Modifications of 
thefecond table. Acube, it is knowni has fix faces, eight 

by troncatioiia. 
lOllu Intlanccthc , 
cub;. 
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folid angles, and twelve edges. If the cube be fruncated in 
a parallel to one of its faces, a re6tangled parallel i pi pedon will 
be produced, and the equality of the faces will be deftroyed. 

If the eight folid angles of the cube be flruck off, eight 
new faces will replace the eight folid angles, and in place of 
fix tides we (hall have fourteen. If the twelve edges be taken 
off, twelve new faces will fucceed the (Irait lines, and the 
folid will have eighteen tides. Such are De L'ltle’s fimple 
troncations. They may be then combined with each other, and 
made more or lefs deep; hence an immenfe variety of new 
figures. But (hefe new forms again may be truncated in the 
directions either of their faces, folid angles, or edges, and 
thefe new troncations more or lefs deep, called by De L*I(le 
Jlir^troncatureii, may alfo be combined with each other. Here 
(he forms mud multiply to infinity, and their boundlefs num- 
bers will toon bury the primitive cube in oblivion. 

It mud not be fuppofed that nature has furnifhed us with this 
infinite feries of forms; indeed Mr. De L'Jfie in hfs tables hap. 
only mentioned thofe he had obferved, with fome few addi- 
tional fuppofitious figures, of which fcveral have been fince 
difeovered to exid. 

Account of This ingenious naturalid has given us, as I have already 
pcriflc’s feven feven cryfiallographical tables. In the Id he deferibes 
* the tetrahedron and its. modifications; in the 2d the cube; in 
the 3d the reCtangular oCtahedron ; in the 4lh the rhumboidal 
parallelipipedon ; in the,5lh the rhomboidal oCfahedron; in the 
6'th the dodecahedron, with triangular faces, and to each are 
fubjoined their refpeClive modifications. The objeCl of the 
7 th tabic is to point out certain modification.s of the octahe- 
dron and parallvlipipedon, whether reCtangular or rhomBoi^al, 
Plates accompany each table, where the figures are drawn, 
and in the bbfervations and notes on them are to be found the 
meafures of the principal angles. c 

They contain Thefe crydallographical tables exhibit only general repre- 

gcnerai folids ; fenlations of folids, which Mr. de L'lfle in the cou/fe of his 

which are (ub- *- 

feqiiently applied Work applies to the different crydals which had already been 

to the cryfbis difcovcrcd, and fallen Within hU obfervation. His work con- 
falts,flotjesf and three parts. In the firft he treats of faline cryftals ; in 

metals, the fecond of ftoney (pkrreux) cryftals, and in the third of 

metallic cryftals. Thofe of the firft clafs are artificial, thofe 
of the two latter clalTcsare natural cryftals, and are fubdivid^d 
into genera, fpecies, and varieties. 


When 
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^^hen treating of a fpecies or of a variety, he refers his Hw methoii of 
reader to the table where the figure of that fpecies or variety ‘ic^cription. 
is to be found, and he then enumerates every thing relating to 
minerals atTuniing that cryffalline form: But 1 cannot termi- 
nate this ikelch belter than by the following CEtracl from the 
Abbe Hauy’s treat ife on mineralogy. 

" In ftiort Rom^ de L'lfle reduced the ftudy of cryftallogra- Osotatloa 
phy to principles more exad and more conliflent with «t>lcr- 
vation. He clafTed together, as much as he was able, cryHals De 
of tlie fame nature. From among the different forms belong- **®“*^*** 
itig to each fpecies, he feledled one which appeared to him to 
be the mofl proper, on account of its timpllcily, for the primi- 
tive form, and then fiippoting it to be truncated in different 
manners, he deduced the other forms, and edabliOicd a cer- 
tain gradation or feries of paffages from the primitive form to 
that of polyedrons which would fcarcely appear to have any 
connexion tvilh it. To the deferiptions and figures which he 
gave of the cryflalline forms, he added the mechanical mea- 
fiircment of the principal angles, and he (hewed (a mod effen- 
lial point) that tliefe angles \fere condantly the fame in each 
variety. In a word, his crydallograpliy is the fruit of immenfe 
labour by its extent; aimed entirely new in its objcfl, and of 
great value for its utility. (Vol I. page 17.) 

The Abbe Haiiy in his treatife on mineralogy embraces a The mincraIog> 
far greater extent than Mr. de L'lde. His mineralogy is not 

I 1 r 1 . . I 1 . . n»creiy defenp- 

oiily defcriptive, but it is phydcal, chymical and geometrical. tive,butph>fi. 
In the perfuadon that a mineral cannot be well deferibed, nor chemical 
even in many cafes recognized, unlefs its phyfical, chemical, 
and geometrical charaders are clearly la^d d^wii, the Abbc^ 
never omits any one of thofe chara^l^^^rs wlien afeertained, and 
expofes with the mod fcrupulous exadtnefs every thitfjg relating 
to th^ that obfervation has authenticated. He has bedowed Electricity, 
particular attention to the electrical and magnetic phenomena, Magnetifm. 
and has enjiched the fcience with a muHilude of new and cu- 
rious obfervatmns. He attentively examined the property of Double refrat 
double refraction, which feveral tranfparent minerals enjoy 
and here again he has extended the boundaries of fcience. A 
few minerals were known to pofTefs this property, and the 
Abbe has difeovered it in feveral where it had never been 
lurmifed. 

When we condder that writers on mineralogy have hitherto Hauy has ex- 
grounded iheir fydems gxclu/ivc/y, fome on the exterior cha- the’^^bitudee^^ 

raCters, * 
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•r properties of raflcrs. Others on thechemic al properties of minerals, and that 
sBineraJs. Abb^ really has, purfuant to his plan, (foe in the begin- 

ning of the volume of plates. La diftribution methodique des 
fnineraux, par clajfes, erdres^ Genres et efpeces, the methodical 
diftribution of minerals intoclaffes, orders, genera, and fpecies) 
united all that has hitherto been difeovered on mineralogy, 
without falling into that confufion which has ever been im- 
puted to other mineralogical writers, we are almoft aftoniflied 
at his fuccefs. To clafs minerals, to furnifli the means of 
difeovering to which clafs, genus, and fpecies a mineral under 
examination belong.%” are the two great problems which the 
Abbe Hauy propofes for folution. 

ClaiTj neat ion, He folves the firft in following Bergman’s method (founded 

by chemical properties) much improved by the immenfe pro- 
external charac-grefs which chemical analyiis has made fince the days of that 
great chemill. In the folution of the fecond he follows Wer- 
ner’s method (grounded on exterior characters) but corroborated 
by a multitude of new experiments, eafily made and brought 
to a furprizing degree of correClnefs by the Abbd’s own la- 
bours on the forms of cryftals. But I perceive that the im- 
menfity of matter contained in this treatife is leading me from 
that point whicli I had particularly in view, I mean cryflal- 
lography, 

Hawy*? deft rip- In the dcfcription of cryftals the Abbe employs three dif- 
ferent means, ifl lie draws their figure; he does not give 
thonH cryflajlngrapliical tables as Rome de L’lfle, which are only 

general properties, bat draws feparately each fpecies and va- 
riety. Every form given in the plates has been examined by 
himfelf; he haic* calculated every angle, and nevcrthelefsv his 
plates contain one third more figures than De L’lfles tables. 

By fjmbolic 2 d He makes ufc of fymbolic figns, than which nothing can be 
thclaws of Their fimple, and were invented not to recall the form the 
produAion. cryflal to the mind, but the laws by which it has been produced. 

Yet 1 have met with perfons, who were foaccujiomed to fhefe 
iigns, that at firll fight of them they could immediately figure 
to themfeives the form of the correfpondiiig cryftals. Thefe 
figns can alfo be fpoken, and much circumlocution in confe- 
3 . By nomcn- ^l^encc avoided. 3d A fignificant nomenclature fubdivided 
cUturc, into general and particular. The general is for the minerakf 

and comprifes only fubfiantives; the particular for the ciyftals, 
and is entirely compofed of adjedVives, He fludioufly avoided 
4 ^ introducing 
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introlucing new names, and neverlhelefs lias been obliged to 
introduce many, where new fubf^ances, names capable of 
giving falfe impreilions, or others void of fignihcation and un- 
i'upported by long ufage, required it. Hethenfubflitutcd names 
taken from the Greek; a language^ he fays, that eminently 
enjoys the faculty of combining feveral words together, fo as 
to form one reprefenting concifely the object to be named, — 

The adjectives ufed in the nomenclature of the cryftals alfo al- 
lude to fome remarkable circum dance of the crydalline Ibrm. 

1 dial I now proceed to philofoplucal cryftallography, which PJiUofopliical 
might be called the philofophy of mineralogy. It does not 
confid in fearching for the primary caufes of phenomena, no- 
thing can be lefs philofophical than fuel) a refearch; primary 
caufes will ever be beyond the reach of the human mind! 

The immortal Newton was the fird to point out to us by the 

method followed in his admirable book of the Principia, that 

ilie only tnic.philofophical way of treating a phyfical fcicnce, 

or of explaining a natural faCl, was todemondrate that it was Th? true method 

the mathematical confequence of a general law, grounded «pla‘ningi 

X I' rn 1 j ur j j PMfsistoihcw 

on an aggregate ot facts ulneady oblerved and capable that the am 
of correct calculation. If any one of thefe conditions are 
wanting, we immediately launch out into hypolhefis, expla- pcneril law! 
nations become vague, and however much we may be per- Hypoihcfis. 
fuaded of the truth of our alTerlions, we can acquire no cer- 
tainty. 

Let us apply thefe principles to our two writers, De L'lfle, The method of 
ill declaring that the various forms obferved in cry dais of the Sewn to be^de. 
fame fubdance are only modifications of one condant primitive ficient incoi- 
form, cejtainly announced a mod important^ tru^h. It was 
flafh ef genius; but in a philofophical enquiry, to prove it and 
not {imply to fay it, was the neceflary ftep. On the* fird in* 
fpe^ion of his crydallographical tables, a dudent is tempted 
to thinlf that important truth demondrated; but on a clofcr ex*^ 
amination, the impreffion is done away. The fame order per- 
vades every labte. By flight patTages the dudeni is led from 
the (impler fo the mofe compound forms, and after every paf- 
fage, is tempted to fay ; this can only be a modification of the 
primitive; then when the real crydals, and the figures of the 
tables are compared together, and ail thofe of the fame fpecies 
(with a very few exceptions) are found in the fame table, 
how eafy it is to perfuade ourfelves that nature muji operate by 

dmilar 
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fioiflar palFagefs when producing the various forms of cry(*als^ 
and the primitive of the table before us muft be the primitive of 
the cryfial under examination. In a word it is the moft firople 
form ; and fird impreilions greatly drengthen the illudon. If 
perfuafion was the foie objedt of philufophy, De L'lfle would 
have been a powerful philofopher; but philofophy mud con« 
vince» demondratc^ and wred confent, however violently op- 
pofed. An enemy mud not therefore be able to make ufe of 
the fame arms, or adduce the fame proofs to edablidi a con- 
trary opinion. Neverthelefs fuch would be cafe with Mr. 
and may be De L’ltle’s tables and the application of them ; For it is an in- 

® feries of arbitrary troncations we 
may pafs infenfibly from any given form to any other. Grounded 
on this principle, and feconded by Mr, de L’lfle’s ingenuity, 
any form may become primitive, and any other deduced from 
it. Now as the combinations are infinite, a multitude of tables 
may be condrucled, forms of the fapie fpecies may be dif- 
perfed in different tables: the mod dm pic of each table will 
be the primitive, therefore forms of the fame fpecies will have 
different primitives. But whfn by the fame principle both 
fides of thequedion can be proved, nothing is proved. 

On the molt To fay the mod fimple form mull be the primitive is un il- 
fimple form. Jufion, for we know not what is the mod fimple for nature. 

With our feeble organs and confined fenfes we can form no 
judgment of fimple, when the uperalions of nature are in 
quedion. Nature embraces the entire univerfe, her laws are 
fimple; but the combinations made according to thofe laws 
are unbounded, therefore complicated. 

The fyftem of US uot forget, however, that the idea of troncations, 

ob*^ and the idea of ta'king the mod fimple form for the primitive, 
vious. * ar® natural that they mud have been the fird to prefent 
themfelves to the man who was opening the carreer: ** Often, 
fays the Abbe Hauyt (vol. l.page ]4) a more compoufid form 
only differs from a more fimple one by certain little faces which 
may be produced by fe^lions, either at the folid angles, or on 
the edges of the fiinpler form/’ and in a note he fays, this 
was the obfervation which gave the celefirated RornddeLTfle 
the idea of his fyflem of troncations, (hat he might fuccef- 
fively deduce from each other the different varieties of crydal- 
line forms affumed by the fame fabdance/’ 


Mr. 
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Mr. De L'lfle terminates the introdudlion to his work by be nflc’s pro- 
certain axioms, as he ftyles them', the 2d and 16th are as fol- 
low: 

*' II. Every angular polyhedron, or every crydalHzed fub- 
dance is a salt in the mod extended acceptation of that 
term." 

" XVI. Every faline fubdance whofe condituent parts are 
perfe6lly faturated and combined affefts the cubic form, or its 
inverfe the oda/iedron ; whereas thefalts which are not neuter, 
or whole condituent parts are not exa£lly combined, adc6l 
ei liter the priflnatic or the rhomhoidal forms." 

I need Icarcely obferve that, to treat thefe axioms only as 
doubtful, would be treating them kindly. The other axioms 
are matters of fa£t, from which he draws no confeqiience, and 
indeed it would have been difticult for him to have drawn any. 

The Abbe Hauy does not undertake to prove generally, that Hauy’sexliibi- 
among the different crydalline forms of the fame fubdance, one 
of them isHhc primitive; but he produces that primitive form crytlals, 
from each crydal, whicii is always dmilar in dmilar fubdances. 

He demondrates it analytically and fynthetically ; by an ana* by analyfuAiii 
lyfis which might be called n/tneralogical analyfo, and pointed t>nthefu. 
out by nature herfelf: By a fynthelis hitherto the property of 
mathematicians, but here fupported by the general laws which 
his analyfis has revealed to him. The condant accord found 
between this fynthelis, and daily obfervation is a proof of the 
exa^tnefs of his melliod. 

Two fadts were the foundation of his theory : 1 . In all times Fundamental 
jewellers and lapidaries have remarked that dones are more 

-I • r • 1- rt- I • ■ ^ xrri may bp clclt 

eafily cut in tome certain direaions than in others. 2. Wlio- (i». 

ever has been in the habit of feeing natural crydals mud have redhiMisor)> j 
obTerved, that when their f .rms are well*determined, they arc "nght- 

always terminated by plane furfaces. Thus, fays •the Abbd, lined or p’anc. 

" thgfe foft outlines, and that roiindnefs fa frequent in the ani- 
mal and the vegetable kingdom, where they are inherent to 
the organization, and contribute even to the elegance of the 
forms, indicsfle on the contrary in minerals a w'ant of per- 
fe6lioii« The ch^radteridic of true beauty in minerals is the 
drait line, and it was with truth that Rom6 de L'lfle declared 
line to be the peculiar property of the mineral kingdom." 

The drd fa£t fuggeded the mineralogical analyfis, and the fe- 
*cond furnidied him with the laws on which he grounded lus 
fynthelis. 

VoL. IX.^Septembbr, 1804). D 


Enquiries 



MINEHALOGICAL SYSTEMS* 


Enquiries on the firfi Fact* 

On the anaiyfis 1 . All cryHals that can be fplit by means of inftruments, of- 
of cryftalV into view, if fplit in certain dire£tionS| plane and fmooth 

regularly foimcd furfaccs. If divided in other direflions^ the fra6tureis rugged, 
fiffurc”* ^ v!ovA fplit, and not Jhwed or cut, as the fedtions of the 

cryflal are not to be obtained by (low and continued efforts, but 
by fudden (liocks. Patience, dexterity, and habit enabled the 
Abb^ to fplit a great number of cryflals ; in all he difcovered 
plane fmooth furfaces when fplit in certain diredtionsi but when 
in other directions, the fraClurc was always rugged and irreg^<s 
lar. I rcqucd. Sir, your attention to this important faCl, it is 
fundamental, and the more important, as feveral perfons of 
much general information have ncgleCted to attend to it, and, 
experimental, in confequence, have fuppofed the whole of this theory to be 
troncat^ns*of g^unded Oil hypothefis. It would be equally erroneous to 


troncations of 

De i*ine we:e confound thefe feCIions of cryftals with De L^Ifle's troncations. 
kypotbeticaU latter indeed warns his readers, that by the word tronca- 

tions he wiflies only to figure the appearance of ihe'cryftal ex- 
amined. They are not therefore real, but only a means of 
w^arping the imagination to the exterior form ot the cryflal, and 
are by their nature only defcriptive. The AbbC Hauy’s fec- 
lions are real, and are pointed out to the obferver by the inte- 
rior ftruClure of the cryflals ; they are experimental. 

The inclinations 2. The plane fmooth furfaces obtained by the above method 
refpedlively parallel to 3, 4 or G planes. "Hie mutual in- 
clination of thefe planes to each other are conflant in cryflals 
of the fame fubflancc, whatever may be the exterior form of 
the cryflal. Native antimony, phofphate of lead, and quartz 
feem to fiiew an appearance of more tiian fix planes, and the 
Abbe Hauy Icaiv; to.the opinion of only five planes in Tome 
* cafes; but as thefe are exceptions to the general rule, and 

would onIy*tend to complicate this flatement, I fliall take no 
further notice of them. « 

Expianstion of Let us fuppofe the fmooth furfaces to be only parallel to three 
the figures and planes, or in other words, that the fiibftance will oq|y fplit in 
e-^ft^Tby the direClions, in that cafe the feClions can only produce a 

meiiiodof Hauy. parallelipipcdon, whofe nature is determined by the mutual in- 
clination of the planes to each other. If the planes are per- 
pendicular, it will be rectangular, &c. 

We next fuppofe the fmooth furfaces to be parallel to four 
’ planes. Her^ a diftinCtion arifes, whether three of thefe planes 
4 have 
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heijre a common intorfedlion or not ; and it muft be renem* of 

bored that if the four planes have a common interfedion, no 

folid can be produced, as they can neither bound nor include cryitais by the 

a fpace. It’ therefore three of the four planes have a common 

intertedion, the fplittings will produce either one hexahedral 

prifm, or three parallelipipcdons, which will be fiaiilar or dif* 

fimilar, according to the (imilarity or diflimilarity of inclina* 

tion of the planes, or one triangular prifm. On the contrary, 

if the four planes only intcifed each other two and two, there 

will be produced either one udahedron, or four parallelipipe- 

duns, or one tetrahedron. 

LalHy, let us fuppole the fmooth furfaces to be parallel to 
tlx planes; then there arile an immenfe number of cafes.-— 

But we will for the prefent confine ourfelves to the only cafe 
*^that has hitherto been obferved in nature ; Where the inter- 
fedion pf the planes is two and two, then we obtain either, 

1. dodecahedron with pentagonal, quadrilateral or triangular 
iides, according to the fediuns made, or fifteen odahedronSf 
or twenty parallelipipedons, or fifteen tetrahedrons. It may 
be proper to obferve here tl^t though the fedions parallel to 
the fix planes may be clearly indicated, neverthelefs it rarely 
happens they can all be executed, but it will fuflice for the 
purpofes of geometry that they be clearly indicated to render 
the conrequences drawm from them mathematically corred. 

Having laid down ihefe premifes, let us proceed to Ihedif- 
fedion of a cryftalof carbonate of lime {ihe fpalh calcaire of 
De L’ldo) whofe primitive form is a rhomboid oi a paiaileiipi- 
pedon bounded by rhombs. Hitherto fedions have only been 
obtained in the three diredions parallel to its Tides. If thefe 
fedions be direded fo as to always paJsHlirmigli the center of 
two oppufitc tides, they vsdll produce eigitt rhomjboids equal 
to eacl) other, and fimilar to the original one. The fame 
opefation may be repealed on each of thefe eight rhomboids, and 
continued fu long as the iubdance remains carbonate of lime, 
that is to i^y, to be a combination of patU of lime, 34^ 
of carbonic acid, and 1 1 parts of water of cryflallization : — 

(fee Bergman.) But this divifion of the cryitais into fimilar 
folids has a term, beyond which we fliould come to the fmallefl 
particles of the body, which could not be divided without 
, chemical dccoinpoiilioii; that is to fay, without an alteration 

D 2 in 
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Sjcpltnation of m the proportions of lime, carbonic acid, and water. Thefe 
fonnalioToT*^ particles which arc (till rhomboids, are what the Abb6 
cryftais by the Hauy Calls the integrant particles of the carbonate of lime. In 
method of Hauy. Hippotition therefore that a rhomboid of this fubttance can 
only be divided in three diredtions, by fedtions parallel to the 
/ides, it is evident that the integrant particles mu ft be iimilar 
rhomboids. 

If a cryflal can be divided by fediions in more diredions 
than three, what will be the form of the integrant particles ? 
For example, in the phofphate of lime (the chryfolitc of De 
L*Ifle) where the fedions are parallel to four planes, three of 
which have a common inleriedion. According to what lias 
been faid above, thefe fedions can produce either one hexalie* 
dral prifm, or three parallelipipedons, or one triangular prifm. 
Il is evident that by carrying the divifion, according to thofe 
fedions, to its greateft length, either the laft hexahedral prifm, 
or the laft three parallelipipedons, or the laft triangular prifm, 
will be produced. Are thefe laft folids the integrant parti*- 
cles; are each of them fo; or is there only one of them en- 
titled to that denomination andjf only one, which of them I 
My anfwer is, only one of them ; and that one, the triangular 
prifm, which may be proved thus. 

It cannot be denied that the integrant particle is that little 
folid which contains the Jeaft poflible quantity of the body, 
without affVding the chemical compolition of the fiibftancc. 
This granted, let us fappufe the hexahedral pnTm to be the in- 
tegrant particle. In that fiippofition the laft triangular prifm 
muft contain the laft hexahedral prifm, and is equal to the 
lalter more three little triangular prifins, or in other words to 
nine fimilar triangular prifms, while the hexahedral prifm’ only 
contains fix. But tlie laft triangular prifm and the laft hexa- 
hedra! prifni each contain an exad proportion, and therefore 
a fimilar proportion of chemical component parts; then fore 
their difference alfo contain an exad proportion ; but it is im- 
poflible to conceive how' their difterences can contatji the ex- 
ad proportion, iinlcfs each of the three little triangular prifms 
alio contain it, they muft therefore contain it, and each of’ 
ih -in muft be an integrant particle; therefore the hexahedral 
piilin cannot be one ; neither can the parallelipipedons be in- 
tegrant particles, as the fame arguments will ftand goodagainft 
them wl’.ich have been applied lo the hexahedral prifm ; there- 
fore 
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ro#e the triangular prifm muft be the integrant particle ;* ^ 

'• The forms of the integrant particles, fays the Abb^ (vol. I. formation of” 

page 30 ) may be reduced to three, the tetrahedron or the molt cryftals by the 

limpleof pyramids, the triangular prifm or the mod fimple Qf 

prifm«;, and the parallel ipiped on or the mod fimple of folidsi 

having parallel tides two and two, and as four tides are ne- 

ccflary to circumfcribe a fpacei it is evident that the above 

three forms in which the number of tides are fucceflfively four, 

dve and fix, are again in this point of view the mod fimple 

podible/^ 

The phofphate of lime or chryfolitc is a fubdance that has 
given rife to much curious anecdote. It fliews in what a date 
Abbe Hauy found the mineralogical nomenclature, and points 
out the accuracy of his analytical method. Achard, achemid 
at Berlin had analyfed the chryfolite, and publiflied that it con- 
tained, of tilcx 15 parts, alumina 64, lime 17, and of iron 
one. Thi^ dartled the celebrated Vauquelin, who had feen 
Klaproth's analyfis of the chryfolite (the apatite of Werner) 
containing of lime 55 parts, and of phofphoric acid 45, (pro- 
bably the water of crydulliz;|/ion is added to the acid.) A 
Frenchman of the name of Launoy fent a quantity of this fub- 
dance to Paris, fome of it was purchafed by the Ecolc dcs 
Mints t and Vauquelin was defined to analyfe it. The latter 
loon fufpedled Achard had been mrtled by the name, and had 
not obtained the proper fubdance, a inidake the more eafily 
made as, fays Vauquelin, '' the name of chryfolite was given 
to a great variety of dones, fuch astlieperzdv^ thccArj^^mV, 
the olivine, (fince found to be the fame as the 'peridot), and in 
general to fiones having a yellov; colour,'* 

He fooii difeovered the chryfolite fenUdom^pain contained 
lime and phofphoric acid. ** I had no fooner ma^Je this dif- 
covery, fays he, than I enquired of Abb6 Hauy whether he 
had ^compared the integrant particles of the chryfolite with 
(.liofe of the apatite or crydallized phofphate of lime. He an- 
fwered me that he had not made the comparifon, but that he 
would get his papers on primitive forms, (this was four years 
before the publication of his work) fee what notes he had 

* Therefore the ie£lions producing the hexahedral prifm cannot 
^lead to the integrant particle : therefore all fefbons, though per- 
fe^ly praflicable in crydals, will not lead to the integrant particle. 

madQ. 
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£xpi«natMa of made on each of tbofe fubAances^ and immediately compare 
them together ; when with pleafure he found that there wa& 
cryftalsbythe "^^t the leaA vaftalion between them. Thus had the Abbe 
method of Hauy« Hauy difeovered by the help of geometry alone, that which was 
confirmed by chemical analyfis, and this fatisfadlory accord 
between two (ciences apparently fo difiant from each other, 
while fecuring each others fieps, ferves alfo to (liew the cer- 
tainty of the principles on which they are grounded/^ 

Journal de^ Mines, xxxviL page 21* 

A morefingular anecdote is what took place with rel'ped to 
the emerald and the beril. Vauquelin had analyfccl the 
emerald of Prerou, and read the refult of it, at a fitting of 
the Ecole des Mines^ which is preferved in the Journal, No. 
XXX VI 11. page 96 : viz. of filex 64, of alumina 29, oxide 
pf chroma 3, of lime one, and of volatile fubfiance 2; 1 
have neglcdted decimals. Soon after he difeovered a new 
earth, which he called the Glucine, and gives the following 
account of it to the National Infiitute: ** The Abbe Hauy 
having obferved a perfect conformity between the firu6lure, 
the hardnefs, and the weight of the beril and the emerald, 
prefied me a few months back to make an analyfis of thefe 
two fubfianccs, to know whether they contained the fame 
principles, and in fimilar proportions. In the refult, the faft 
that will mod intered the Inditute is the difeovery of a new 
earth, &c. &c.’' Annales de Chimie, vol. XXVI. p. 1^7. 

I am certain; Sir, tliat it will give yon no lefs pleafure to 
learn that Vauquelin, in confcquence of (his difeovery, made 
an addition to thepaj)er read at the Ecoles des Mines, beginning 
thus, Since the reading of llie above paper, having dif- 
covered a new earth in the beril, and as this done, accord jng 
to the obfervations made by Hauy, contained fubtiances finu- 
lar to the emerald, I have in that point of view made a new 
analyfis of this latter done/’ And the former analyfisiwas 
immediately corrected, and the 29 parts of alumina became 
16 pai ts of alumina and 1$ of a new earth, 1 hope. Sir, it is not 
too much to fay that, on this occafion a new earth was dif- 
covered, if not by, at lead in confequence of, a geometrical 
analyfis. 

But to return to our rubje6t, the Abb^ makes a didindioii 
between the inlegrunt particle and the primitive form. The 
former, as 1 have faid, is that lad particle, which preferving 
an exaft proportion of the component parts, contains the leaft 

number 
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ntqfiher of ihofe parts ; it is the laft term of mineralo^ical Explanation of 
analyils. The primitive foriti, on the contrary, is its firft rc- 
fult^ and retaining the exaA proportion of the component crytiah by the 
parts, contains the greateft number o( thofc parts. It is eafy methud of Hauy. 
to fee that in the cafe above mentioned of the phorphate of 
lime, the hexahedral prifm will be the primitive lonn, pre- 
ciftiiy for the rcafons adduced to (hew that it is not the in- 
tegrant particle. Though the Abbd does not decidedly de- 
fine the integrant particle as containing the ntinimum of fpace 
under the maximum of furface, and the primitive form as con- 
taining the maximum of fpace under the minimum of furface,* 
neverlhelefs he makes a remark that aulhorifes the above dc- 
(initions (which. Sir, you will obferve arc mine, led any fault 
be found with them.) He fays llie dodecahedron with rhom- 
boidal iides, which is the primitive form of the garnet (g renal) 
contains the maximum of fpace under the mimmiim of furface ; 
and if it be cut into two equal and fimilar parts, it will prefent 
the fame Tbrm as the bottom of the cell of the honey-comb* 
which has the (imilar property. 

An objedlion might be takqji on the cuivre pt/ritenx^ and the 
cuivre gris, or the yellow and grey copper ore of Kirwan, the 
Abb^ mentioning the regular tetrahedron as their primitive 
form, and not the oflahedron as in other cafes. The reafon 
may be, that all the cryftalline forms of their fubdances which 
he deferibes are dighi modiheations of the regular tetrahedron. 

“ The primitive forms hitherto obferved, fays the Abb6 
Hauy, are reduced to fix. — ^The paralleliplpedon, the o6Ia- 
hedron, the tetrahedron, the regular hexahedral pnfm, the 
dodecahedron bounded by rhombs all equal and (imilar, and 
tha dodecahedron with triangular fides„ (brnftid by two right 
pyramids united bafe to bafe.’^ ^ 

Healfo makes a didin^ion between integrant particles and 
fubjlf active particles; thefe latter are always paralleiipipedons. 

1 (hall fpeedily mention whence they derive their name. They 
are fubditttt^ for the integrant particles, to facilitate calcula- 
tions* and it is worthy of obfervation that the parallelipij^edon 
can always be oblsnned in all dideAions of orydals. Thus far. 

Sir, I have ftated the drd principles of mineralogical analyfis ; 

I ftiaU now proceed to the fynthefis. 

• (To be continued.) 

* The inclination of the intcifefting planes being the fame. 

DtferipUon . 
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riLTERINS MAOHINB. 


Filtering ma- 
chine by fand in 
a reverfed tube. 


VIII. 

Dejbription qf a Filtering Machine invented hy Profejfor Parrot 
qf Paris* In a Letter from a Correfpvndent, 

To Mr. NICHOLSON. 

SIR, 

I ENCLOSE you a drawing of a filtering machine invented 
by Profeflbr Parrot, of Paris, which for fimplicity and uti- 
lity teems fuperior to any other I have met with. You will 
perceive that from the curvature of its form, it purifies the 
water both by defeentand afeent, and is, confequenily, a i-lofer 
imitation of the operations of nature than Ihofc in whicii ihe 
water penetrates in but one direftion. Among the advantages 
which he aferibes to it, he inflances the prolongation of the 
flratum of fand, which does not confiderably diminith the pro- 
duct of the filtre, but contributes remarkably to the purity of 
the fluid," and that the difference of its water-level has an 
eflential influence on the quantjty of purified water obtained 
in a given time;*' he therefore recommends an apparatus of 
eighteen inches Jong from A to D, two inches thick, and foiir 
broad, which, he fays, will yield fix (Paris) pints of pure 
water every hour: a machine of this fize requires only a dif* 
fcrence of two or three inches in the height ot the water. 

I am. Sir, 

Your conflant reader, 

jAmdon, Auguft 20, ISQ^. A. A. 

a Defeription of the Machine* 

The refervoirG, (Fig* 1, Plate IV.) may be of any form or 
dimeniion which is convenient ; the principal part of the nia- 
diinery conilfting of a fquare vefl'el bent in the form of sill in- 
verted fyphon. The cur^fe may be circular, elliptic, or in any 
other dire^ion. This vefTel is to be filled with fine pure fand 
to nearly the height of the dotted line x y, which denotes the 
afeent of the water to D, whence it flows into the receiver. 
To the part marked A B, which muft always be above this 
line, a woollen bag is attached, open at the top and reaching 
to the fand : this collets the coarfefl impurities, and prevents^ 
tbe fand from becoming foul for a longer time. In large ma- 
chines 
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t:hifies a water-tight trap-door may be made at for the pur- 
pofe of removing the fand when it is overcharged with impu- 
rities. The fmall diameter of the machine from wliich the 
drawing was taken, was eight inches from B to E : the per- 
pendicular height from C to A B was eight inches and three- 
iourthsi and from C to D four inches and one-twelfth. 


IX. 


Mtdico-Chemical litftarches on the Virtusa and Principlt^ of 
Cantharidts, Bi/W, Be a o p o i l . 

(Concluded from Page 71 of Vol. VlII.) 

HlE alfo proved that the black precipitate eafily became dry, Experimentiantt 

brittle, anej^ friable in the air ; that it reddened the tin6tiire of 

lurnfole; that it combined very readily with polafli^ difen- 

gaging ammonia ; that, when diflillecl by an open hre, it 

fwelled and yielded an acid li<|uor, a thick oil, and carbonate 

of ammonia; and that it left a dry, Aiming, friable coal in the 

retort. 

Proceeding afterwards to the examination of the yellow mat- 
ter remaining in folution in the alcohol, Cit, Beaupoil informs 
us, that, when it is concentrated by the evaporation of its 
folvent, it retains (he fame odour and the fame taAe as the 
extract ; that it is completely diflblved in water, and reddens 
the tindlure of lurnfole ; that it combines entirely w'ilh potalh, 
without any difengagernent of ammonia; and that tlic refultof 
thii^combination is an homogeneous ami gJutiniTus body, foluble 
in water and prccipilable by a weak acid; finally,* tiiat, dif- 
tilled by an open fire, it fw^ells very little, yields an acid liquor, 
a blafik'and fetid oil, and carbonate of ammonia; but that, in 
general, all thefe produdls are in fmaller quantity than in thofe 
obtained from^the black precipitate. 

Among th^fe diffi^^rent refults the author thought it necefTary 
to direct his attention more particularly to the acid, w hich, as 
has been fecn, manifeAs itfelf fo readily in the infufion of can- 
tharides, or in the extradt which they afford. 

* At fir ft he was of opinion that this acid was analogous to that 
of vinegar ; he alfo thought that its exiftence might be attri- 

bated 
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Experiments ind btlied to Ibe cofiom prevalent with lliofe who coIle6t the ean* 
cmtharidcs* lharides, ofexpofing them to the vapour of this acid ; but when 
he founds on fubjedling fome of thefe infects which had been 
procured without the affidance of vinegar to experiment^ that 
they were fimilar to thofe of commerce, be was obliged to re« 
nounce his firft idea, and to endeavour to afcertain the nature 
of the acid they offered him, by experiment. It appears that 
his endeavours have, in this inffance, been unfuccefsful; for 
he finiihes by inferring that his progrefs is not fufficiently ad« 
vanced to determine with certainty ; and that, although the 
acid in queliion has fome analogy with the phofphoric, he, ne- 
verthelefs, does not think that it poffeffes ail its properties, and, 
confequently, is of opinion itHiould be considered as a peculiar 
fpecies, until new experiments have (hewn that to which it 
in reality belongs. 

The third produ6t of cantharides, called by Thouvenel and 
by Cit. Beaupoil, green matter, does not feem to experience 
any change from t!)e air, at leal! in its phyfical properties. It 
is infoluble in cold water ; it liquefies in warm water, Boating 
on its furface like an oil; alcohpl and ether diflblve it, and its 
folution in thefe tw'o menBrua isdecompofed by water. Oxi* 
genated muriatic acid brought into contact with this matter, 
and renewed from time to time, at Brfl Teems not to have any 
a6lion on it, but at length fmall whitiih, brilliant particles are 
detached from it, which fall to the bottom of the veffel : in 
lefs than a week it lofes its fmell and its colour, and becomes 
thick and glutinous; and notwithBanding repeated wafhings, it 
conBantly retains the odour of the oxigenated muriatic acid. 

Diluted nitric acid, adilled by heat, gives it a ruddy colour, 
a rancid, pen^iratfng odour, and alfo a confidcrable confif*- 
lence. 

Cauftic foda combines with it without the aid of heat, and 
without a difengageroent of ammonia. The product 6f tin's 
union is decompofed by the acids. 

Expofed to an elevated beat it fufes, and fbrms^ a 'liquid of an 
oily appearance and fiightly tranrfparent, which, by cooling, 
quickly refutnes the folid Bate. By a mare powerful heat it is 
decompofed, its colour changes, a yellowifii oil, very analo- 
gous to that obtained from the diftillation of wax, and an acid 
phlegm, pafs into the receivers, but not an atom of carbonatri 
of ammonia. 


With 
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With refpeft lo the parenchyma forming the rehdue of lheE*pwinMinatai 
difierenl macerations, infufions, and dccodtions in water, al-cantharlcS?** 
cohol, and ether, the author, after having afcertained that 
thefe fluids were incapable of extracting any thing more, 
treated it with cauftic potafh, which immediately caufed a 
difengagement of a very fentible amnioniacal odour. When 
this odour was diflipated, the liquor was filtered, and initantiy 
mixed with muriatic acid : the mixture became turbid, and 
gradually yielded a precipitate, which, dric'd and thrown on 
burning coals, exhaled an odour (imilar lo that of animal mat- 
ters in combuflion. 

DIflilled in a retort, this parenchyma yielded phlegm, a 
denfe empyrcumalic oil, and a confiderablc quantity of car- 
bonate of ammonia. The refiduc of the difiillation was a 
fpecies of coal, from which a wdiitc a(h was obtained by inci- 
neration in the open air, in which were found carbonate of 
hmc, calcarfv>us phofphate, fulphate and muriate of lime, and» 
finally, oxide of iron. 

In recapitulating the quantities of each of the produCls ob- 
tained by means of the experiments which have been cited, 
the author afferts that one ounce of cantharides, well dried, 
contains nearly 

Black matter - 1 gros 2 grains ; 

Yellow matter - 1 — 2 

Green matter - 1—8 

Parenchyma - 4 — 3(> 

Acid - - An indeterminate quantity ; 

Calcareous phofphate 12 grains ; 

Carbonate of lime - 2^ ^ 

‘Sulphate and muriate of lime *4 

Oxide of iron - 2 • 

Tocomplele the work which Cil. Bcaupoil had undertaken, 
it remained for him to determine the phyfiological properties 
of cantharidfss^ as well as thofe of the mod elTential c»f their 
immediate materials, and he appears to have executed this 
with fuccefs in lhe*fourth part of his diflfertation. Among 
other things, it refuUs from the different experiments which he 
|. has made on this fubjedl, 

^ IJl, That cantharides which have not undergone any pre- 
paration, almoft always produce difagreeable cffefls when 

taken 
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Experiments 
<ibfervatl(>ns < 
can.haride^. 


d taken internall) * but that ihefe with refped to ttieir 

iiitcnfi ty, are proportionate to the age, the ftrength, and the 
conAituiion ot the animals, and to the dofe which luis been 
adminiilered to them : That the ajfophagus, the flomach, and 
the fraaller inleflines, are the parts which aie principally a(- 
fedled : that thofe animals which are not overcome by it, ex- 
perience a detire to vomit, veiy conhderable pains and vaii- 
ous atieclions, which feein plainly to indicate that the parts 
which have been touched by the caiUharidc:'', have a loit ot 
tendency to be diforganized. 

2d, That the aqueous extract of cantharidcs, in final Icr 
dofes than the infedls themfelves, produces ncaily the fame 
etiecls as they do ; and alfo, tliat its» adiun on the urinary paf-* 
fages is very marked. 

: 3 d. That tiie black matter is much lefs active than the ex* 
tra 6 t ; that the animals to which it has been given, are only 
ati’edod by gripings and vomitings, and very rarwly are killed 
by it. 

4///. That the green matter given infernally does not appear 
to have deleterious qualities, f.ncc ail the animals to which 
even ttfong dofes had been adminiflered, did not teem to be 
affe^lcd uncatily by it. 

5th, That the jellow milter does not feem to be more ac* 
live than the green maitcf. 

6th, That (he extrad, the )ellQW' matftT, and the black 
matter, applied feparalcly (o (he lull. ice of tlie body, occa- 
tioned veticalion in nearly the fame fpare of lime. 

7/A. Tliat the green matter, applied cxleinully, does not 
to a 6 l when alone; but that its aclion is Ipeedily ^nani- 
tetied when it is divkied by w^a'^, and by that means receives 
the confidence of a cerate. 

I muft not omit to mention, lhat Cit. BeaupoII was not 
fatisfied willi experiments made on animals, but had the cou- 
rage to repeat them on himfelf. Jl was fjoin having obtained 
the information he fought in this manner, that' hG confidered 
himfclf intitled to conclude, lhat the vcticating properly rctidcs 
particularly in the extra^ive par! and in the green part of the 
i.antharides, but lhat the exlraflive part alone a 6 ls on the 
ui inary and genital fytiem. 

It will be obvious trom the details I have given, (hat tho 
author has carried the examination of cantharidcs farther than 

TliouveneL 
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Tliftuvcnel. But although his work is greatly extended, 
nevcrlhelefs is not yet complete, fince much remains to be cjnth arides. 
dime, particularly with refpe6t to the green matter ; for it is 
diflieiilt to conceive how it (liould have no adlion on the animal 
ficnnomy when adininittered internally, fince, applied externally, 
it produces a veficating effedt. This objedtion which I have 
mfide to the author, the importance of which he acknow- 
ledges, will doubtlofs be one of the motives which will de- 
tcimine him to renew his experiments to remove doubts, and 
to fliew more clearly what is to be expedled from the employ- 
ment of the ditFerent parts compoflng an ingredient from 
which medicine has received fuch great benefits. 


X. 

r.rpcrimcntaUh’fiTJtunations of the lAitent Heat of Spermaceti^ 

Bees* IVar, Tin, Bifniuth, Lead, Zhic, and Sulphur, Bj/ 

Mr. W j L L I A M I a V r N E . Communicated hj/ the Author. 

• 

Bedford Street, ISOl*. 

It will fcarcelv be denied that the difeovery of the cxiflence Dlfcovcrj of la- 
' . 1 I II- • 1 * *i tent heat b\ Dr. 

of latent heat in all fluid and vaporous bodies, is one ot the 

moft curious and important hitherto devidoped in the progrefs 
of chemical philofophy. The merit of firfl invefligating this 
fuhjcdl is univerfally attributed to the celebrated Black. By 
a tew fimple and clear experiiueiits he dernonllrated, tliat, 
bi-lbre any portion of ice can become water, it mull receive 
or abforb as much heat as would liave railed tiK temperature 
of an equal quantity of water by 1 By otlier experiments, 

in fome of which Dr. Black was afFifted by my father and Mr. 

Walt,#t was proved in a manner equally lalisfadlory, that 
water cannot be converted into fieam unlefs it admit a quan- 
tity of heat (afjcient to have heated the water 8 or yOO^. 

Having proceeded fo far by experiment. Dr. Black made a 
general inference, and extended his theory to all cafes of fufion 
and vaporization whatever. 

riie only other philofopher, as far as I know, who has Dr. Irvine’s eic- 
atlempted to determine the exad quantity of the latent heat 
Ollier bodies befides W'ater, was Dr. Irvine. Lanciriani rnadc^^her bodei be* 

fonic fidcs water. 
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Srernraccti 

bcfs' wax 
175% lin 5C0®. 


fxpcriments 
made by the 
author. 


The velTcIs. 


fnme experiments to prove that the fluidity of alunri« fulphur, 
and fome metals^ was accompanied with an abforption of latent 
heat ; but I believe he made no attempts to afeertain the pre- 
cife quantity. In Dr. Black’s Jedlures we are informed, that 
Dr. Irvine iound the latent heat of fpermaceti to be 145®, of 
bees’ wax to be 175®, and of tin to be 500<^. From the very 
imperfect notes which I poflefs of the methods ufed to deter- 
mine the two former, I believe that the 145® are mcafurod by 
the capacity of fluid fpermaceti, and the 175® by that ol fluid 
wax: But of ibis fubjeft I will take another opportunity to 
treat more amply. I am perfeflly ignorant of every circum- 
fiance regarding the latent heat of tin as determined by my 
father, having been unable to find any notes of his experi- 
ments for determining this point. 

During the courfc of the prefent year I liave turned my at- 
tention a little lo this fubjed, I mean to the invefligation of 
the quantity of latent heat neceflary for the fufljan of various 
bodies. I was perfuaded that an addition lo our knowledge of 
latent heat would at lead increafe the flore of fads, and might 
perhaps give rife to fome improvement or corredion of theory. 
The vcflels which I employed in all my experiments were 
Florence flafks, of which the neck was cut off. In thefe the 
water madeufe of was contained, and the veffel was fupported 
on a flight wooden fland, which prefented a very fmall furface 
to abflrad heat from the materials. The orifice at the fuperior 
part of the velTet, was in general not more tlian fuflicient to 
permit the ready intiodudion of the fluid examined ; probably 
from an inch and a quarter in diameter to a little more, fo that 
a very fmall furface of the water was expofed lo the air. The 
weight of thb gibts was in all cafes previoufly afeertained. 
Thefe cjrcumflances being premifed, I proceeded as follows : 


Determination The fird fubdance which 1 fubmitted to examination was 


o! 'll lirurmu^di The melting point of this metal was, by die ther- 

(or the number mometer which I ufed, 480®. This is fo near the point found 
th ch father, lo wit 476®, that I fliall confidvr kis determina- 

an7qu‘*ntity of tion as corred, as he combined and compared the different 
biimuth would, ways of computation and obfervation, and I know the ther- 
which he ufed to have been made with confiderable 
iieiarion, rai lean care. Into a glafs veflel which weighed 411 giains, I put. 
b^mLth, grains of water, of the temperature of 62®. I then re- 

bencjth the movcd from the fire a quantity of duid birmuth^ 1 waited till 

i: I zmg point of :♦ 

Ihj 
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it i/jas partiaHy folid, at which time I inferred that both the®*f™“th, on the 

folid and fiuid metal were of the temperature of I 

poured a portion of the fluid bifmuth into the water. In one into water, the 

minute tiie thermometer flood at 86® ; in two minutes at 83 J Sp^atures** &c"* 

The true temperature at the moment of mixture was therefore being known ; 

8(> J, fuppofing equal temperatures to be loft in equal intervals. common 

There was alfo a quantity of fteam formed. I weighed the taken. * 

vcflM with its contents, and found that it had gained 1389 

grains. This therefore fhould be the quantity of bifmuth 

poured in, if there had been no lofs. But on drying and 

weighing the metal, it appeared to amount only to 1335 

grains, and 34< grains confequently were loft. The bifmuth 

was cooled 389|®, the water was heated 24^®. Then 1335 

grains of water would have gained 34?. Thefe 34^, meafured 

by the fpecific heat of bifmuth, as ftated in Thomfon^s Syftem 

of Chemiftry at .042, are equal to 810®.9: But the bifmuth, 

after becoming folid, loft 389^.75, which being fubtracted 

from 810.9, fliere remains 421®.! 5, which cannot be accounUlnference of the 

cd for by the cooling of the folid bifmuth, and muft therefore 

be the whole or a part of the latent heat of the fufed metal. 

But the latent heat muft be greater than this, for 41 1 grains Correftion, for 
of glafs were alfo heated 24®.25. If the capacity of this glafs ▼eflJi 
be taken at .174, as Kirwan found flint glafs to have, and I 
have found green bottle glafs to have a capacity of J 73 by 
feveral experiments, whence it is probable that the glafs of 
Florence (lalks has its capacity not very wide of thefe num« 
hers; if (hen .174 be taken as the capacity of this glafs, thefe 
!r^t®.25, which the bifmuth communicated to the 411 grains 
of glafs in the veflel, are, when meafured by the capacity of 
biiinu^h, equal to 96^.4 : And 1535 grains of glafs would have 
gained 23®.4, which muft be added to 421®.13 already found, 
and makes 446®.55 for the latent heat of bifinuth. 

But lliis is obvioufly ftill too little ; for, as ha^s been alread) and for llram 
mentioned, there was a good deal of fteam formed, P^Jnccd. 
amount of th^heat thus loft is extremely difficult to affign. I 
ffiall, however, make an attempt to guefs at, rather than de^ 
tcimine it. All (he 34 grains muft not be reckoned to have 
been loft by evaporation. In fpite of all my efforts, I could 
perceive that, fome, though certainly a fmall quantity of bif- 
nmth went off with the water, in form of a number of fmall 
particles floating in the liquid : and perhaps alfo k fmall por. 
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lion of water might be wafted daring the proeefs. If we alio# 
a half of all the lofs to be accounted for in thefe ways, there 
remain lixteen grains of water which have been converted 
info fteam. The latent heat of fleam was computed* by Mr. 
Watt, to be equal to 940® : But this fleam cannot be allowed 
fo much heat as this; and though it may be difficult to point 
the quantify to be fairly granted, yet I thallexpedl to bewitli- 
hi bounds- when I eflimate it at one half of 940®, or 470®. In 
this cafe we fay, Ifl grains of water have been healed 470®; 
flxtcen grains of bifmuth would be heated by the fame quan-^ 
tily of caloric, 11 190®. 4; and J555 grains + lA fup- 

pofed to have gone off with the water, ZZ 1371 grains of bif- 
Latcnt helft of muth, would be heated 1 1 3®. 9. Tliis quantity of heat, there- 
b'^muth deduced ought to be added to the 446®. 35 already found, and 
^ * would amount, in all, to 360. 1'5 latent heat of bifmuth. 

Other experi- 1 aitl fenlible that there are feveral gratuitous fuppofitions in 
this lafl part of the reafoning, and I do not therefore lay much 
flrefs on it* I endeavoured to confirm or refute the truth of 
the induflions, by making an experiment exactly on the fame 
principles, but where, by dexterity, I might prevent the for- 
mation of fleam wholly or in part. In one inflance 1 fuccceded 
tolerably well, and then the latent heat, with every correc- 
tion, amounted to nearly 600®. 

1 repealed ihefc experiments for determining the latent heat 
of bifiTuith many times, and the rcfult is exprefled in the 
following 

TABLE: 

Tabulated. ^ 


No. of Ex-^ 
peiimencs. 

« 

Latent Heat by 
Conjpata- 

tioju 

Correftion for 
the Heat re- 
ceived by Oafs. 

Whole Latent 
Heat. • 

1 

437 

23 

480 

2 

41 1 

29 

440 

3 

412 

28 

440 

4 

465 

33 

^ *498 

3 

480 

29 

309 

(I 

43S 

27 ' 

463 

7 

463 

30 

4.95 

Mean 

4 K).ii * 


475 


o 


On 
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On the whole, therefore, it appears that we' {hall iiot exceed Meai^refult 
the truth when we cHimate the latent heat of’hifniutb at 

I made, in like manner, two experiments to afcertaia the muth. 

£vperbiienti oil 
tin. 


latent heat of tin, and of thcfe the refults were— » 


Expt. 



1 

520 

Mean, 507®. 

2 

495 



JLatent best 

507^ 


Tills agrees remarkably Well with the determination of this Latent heat of 
point, faid to have been made by my father, in Black's * 

Le6lures. 

Zinc is computed, by Bergman, to melt at 700^ of Fahren<» 
hell's thermometer. Taking tliat for granted, J made three 
experiments on the latent heat of zinc, in a umilar way with 
that already related with bifmuth. The ^ refults were as 
follow : <• 


Experiment. 

Latent Heat by firft 
Computation. 

CorreBed. 

• 

Whale L. H. 

___ 

1 


28 

518 

2 

476 

22 

498 

3 

443 

32 

475 

Mean 

4 ^ 

1 

493 


In ihefe experiments no allowance is made for lofs by fleam, Litpnt heat of 
which, however, by the dexterity acquired by pra^ice, I waa*'*^ 
enabled to render very fmall. , ^ 

Lead I found to melt at a point above 584'". Owing to the 
fliortnefs of the thermometric fcale, 1 could obfervS no higher. 

I fugpofe therefore that 594®, as found by Dr. Irvine, cannot ^ 

be materially diflant from the truth. AflTiiming it as true, I 
proceeded^ to make (everal experiments on the latent heat of 
lead. In doing this I was led immediately to notice, that* 
melted lead does not by any means produce fo much Beam as 
other metals do when poured into water, even under the moil- 
carelefs management ; and of this the reafon will appear froia 
the following table : 
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Experimenls on the Latent Heat of Lead, 


Vo. 

Latent Heat. 

Correded. 

Whole Latent Heat. 

1 

127.8 

10‘'.3 

138®.! 

2 

142.8 

ll®. 

153‘'.8 

3 

149.9 

* 


4 

161.8 



5 

131.5 



Mean 

142.7 

Mean 

145».9 


In thefe experiments I have, by accident, loil the notes of 
the determination of the weight of the velTel empIo 3 ^ed in all 
but the two 6r(l inAances : notwilhAanding which it may be 
fairly inferred, that the mean latent heat of lead is about 130^, 
a quantity certainly unexpe6tedly fmall, and which, in many 
more experiments than thefe related, I was at pajns to exa- 
mine, without being able to difcover any material inaccuracy. 
In the fecond experiment, where a little Aeam was formed, I 
afcertained the lofs to be four grains. If thefe four grains be 
fuppofed, as in the cafe of bifmuth, to contain 470^ of heat| 
the computed addition to the latent heat of lead will be 20^.3, 
making in ail a little more than 162^. , This is certainly a very 
peculiar and onexpcded quality of this metal. 

Sxperimenti on The only other fubAance which 1 hav^ ||tibmitted to exa- 
iulpbar. mination for the purpore of afcertaining its Caloric of Auidity, 

is fulphur. The melting point of fulphur is commonly Aated, 
in elementary works, to be at 212^ : But (hat this is not accu- 
rate any one may convince himfelf, by immerAng a quantity 
of fulphur in boilhjg skater, where it remains altogether unal- 
tered. By every trial which I have been able to make, I 
am convinced that the fuAon of fulphur takes place about the 
temperature of 226^. 1 fay about, becaufe the commuilica* 
tion of heat among the particles of fulphur is very flow, and 
the thermometer is often encrufled with folid fulpinrr, which, 
fome bow or other, certainly cools below the liquid in which 
it is immerfed. In experiments for afcertaining this point, 
the thermometer ought to be kept in conflant motion. The 
refults of my experiments for finding the latent heat of fulphur^ 
are flated in the following table. 


ExperimnU 
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Experiments to afcertain the Latent Heat of Sujlphv^» 


No. 

Latent Heat. 

Corred'ed. 

Whole Latent Heat. 

1 

144.''.56 

8®. 

152®.56 

2 

131® 

7®. 

138®. 

3 

UO* 

4«.5 

140®. 5 

4 

136® 



Mean 

137'’.89 

Mean 

143®. 68 


Latent heat of 
fulphar 


In thefe experiments I have fuppofedy from experiments of 
my own, the capacity of fulphur to be .189, which does not 
materially differ from Mr. Kirwan^s determination. In the 
other cafes I have traded chiefly to the numbers given in 
Thomfon’s Chemidryi though thefe are not always wholly 
unexceptionable. In every inflance I have fuppofed the feini- 
liqiiid to have the temperature of the melting point, which I 
believe is generally true.; but fome pra^ice is required to feize 
the moment before the frozen particles float in the fluid fub- 
dance. In experiments on* fulphur efpecially, inattention to 
this circumdance caufes very great inaccuracy, and was the 
caufe of confiderable erabarraflhient to me before I obferved 
my error, 

A comparative table follows of the caloric of fluidity of all 
fubdances hitherto examined : 


Subftance. 

Melting Point. 

Latent Heat. 

Ditto in Degree! 
meafured by Ca- 
pacity of Water. 

fee 

.32® 

155®. 5*5’ 

’ 140® 

Spermaceti 

113* 

145® 

• 

Bees’ Wax 

J42° 

175® 


Til 

442® 

500® 

33® 

Bifmuth 

476® 

550* 

23®.65 

Lead 

594® 

162® 

5®.604 

Zinc • - 

700® 

493® 

48*.3 

Sulphur 

226® 

• 

143®.68' 

27®. 145 


In all thefe indances the latent heat is expreded in degrees General 
meafurod by the capacity of the relative folid, excepting in 
•the cafes of fpermaceti and bees* wax, which are in degrees 
meafured by the capacity of the fluid. I endeavoured to rec- 
E 2 
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Ciufesof thefe 
fttidlurss* 


Da'ton's ahypo- 
thefis not a the- 
ory. 


i\fy this fo as to make the comparifon more fair, by determ?n- 
ing the fpecific heat of folid wax and fpermaceli ; but I have 
not been able to fatisfy myfelf with cither of thefe points, 
owing to the foftnefs and confequent abforption of latent heat, 
which a very low degree of heat induces in both thefe bodies. 
The numbers exprefling their latent heats are therefore too 
low. On infpedlion of the above table, there does not appear 
any ratio by which the quantity of the caloric of fluidity (eems 
to be guided : it certainly does not increafe with the difheulty 
of fuGon, but moft prolxibly has feme conne61ion with the re- 
lative capacity of each body in its felid and fluid date. The 
determination, however, of ll)e capacity of any of the metals 
in a fluid form, excepting mercpry, mull be regarded as an 
extremely diflicult ta&. 


XL 

StnBures on Mr. Daltou^s DoBrine qf Miied Gafts, and an 
Anfwer to Mr. Henry's De/sacc qf the Jhme. iu a letter 
from Mr. John Gough. 

To Mr. NICHOLSON, 

SIR, 

1 H A V E ventured to defend the chemical union of water and air, 
as well as the homogenily of the atmofpherical gas. My tiioughts 
on thefe fubjedls are briefly Haled in your Journal * ; and the 
farther profecution of the enquiry compels me to make an open 
attack on my frieoid Mr. Dalton, and liis, new convert, Mr. 
Henry, The difpute (hall be fairly condu6ted on my part} 
that is, it (hall confift of arguments which I am ready to aban- 
don as foon as they are refuted ; this promife is due to Crfend- 
fliip, as well as the obligations of truth. 

The flrft Hiing Ip be afcertafeed is Ihp proper appellation of 
Mr. Dalton’s opinions. His do^rine of mixed gafes isoflejred 
to the public, as. a mechanical. Ihfioqc, fou&ded on che mical 
fa£ts : a little attention, however, to Mr. Dalton’s e(feys, will 
deprive it of all claim to the title of a theory. This. is evident 
from the nature of the mechanical philofopby ; evjsry branchy 

* Vol. VHI. Page 243. 

of 
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oT^hich admits of a knalhematical demonftration, derived from 
Newton’s definitions and laws of motion : but Mr. Dalton has 
not attempted to give /lability to his new ideas, by the aid of 
the mathematics ; on which account the only appellation due 
to hi! dodlrinet is that of a hypothefis. 

No philofopher ought to difregard the means which are The hypothefis 
able to confirm his opinions, becaute thefe means may be found, mechanical* 
ii{>on trial, to fubvert them. This 1 believe to be the cafe with 
my friend's hypothefis ; for I have endeavoured to (hew the 
fallacy of it by mathematical arguments. The refuli of this 
attempt will in all probability appear in the next volume of the 
Manchefler Memoirs ; when the merits of the efTay will be de- 
termined by geometricians, who are the proper judges of fuch 
produ6lions. This want of geometrical demonflration efcapes 
the notice of the chemifl, becaufc my friend has feemingly fup- 
plied the deficiency by a number of probabilities of an expe- 
rimental nature ; but it is almofl fuperfluous to remind either 
him or your readers, that a myriad of fuch proofs cannot uphold 
a do6trine which is repugnant to the mechanical philofophy. 

The two leading maxims which are derived from thefe proba- Conclufiom 
bilities, and form the bails of the hypothefis, are thus briefly P'®*’ 

exprefled by Mr. Henry : mixed gates neither attra61 nor repel 
each olheri and every gas is as a vacuum to every other gas*”. 

Mr. Daltont reafoning from thefe premifes, furrounds our 
globe with an independent atmofphere of vapour, the prefTure 
of which preferves all the water on the earth’s furface in a 
liquid /late, and prevents the ocean itfelf from efcaping through 
the air, by virtue of its own elaftic force ; at leafl the la/l is a 
fkir inference from hisown conclufions. 

Although I have demonflrated the exiflSice of an atmo- Dalton's reafon- 
fphere of vapour to be a mechanical impoflibility, the eflay*"5 incomplete, 
mentioned above, the reality of the thing fliall be foppofed at 
preffnt, for the purpofe of detedling the fallacy of the doctrine 
in the fundamental maxims of it. The truth is, Mr. Dalton 
has difcontimied his train of reafoning too foon ; for, had his 
arguments been purfued to their proper limits, they would 
have difeovered the incompatibility of the hypothefis and na« 
tural appearances. This omifiion is eafliy (applied, and will 
be as eafily comprehended, by a perfon who under/lands the 
•hws of bydrofiatics. 

• Phil. Jounia Vol. VIH. Page 298a 


If 
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A fecond par. If a particle of vapour can pafs freely through the air, a fe*.* 

• ^mc/ fuccecd it at any given di (lance; becaufe tlie 

latter may undoubtedly purfue the track which the former has 

already traverfed : confequently, a feries of fuch particles, pof- 

felfing the denfily of water, might be raifed into each per]>en- 

dicular pore of the atraofphere, by the application of a proper 

Air prefTes upon force to the furface of a colledion of water fupporting fuch an 

aater. atmofphere. Now the exiftencc of fuch a force is certain ; 

becaufe when air is injedled into either leg of an inverted 

fyphon containing water, it conftanlly didurbs the equilibrium 

of (his fluid ; that is, the gas preiles upon the liquid, notwith. 

funding the fuppofition, that the former is a vacuum to the 

Air a perforated particles confliluting the latter. If now we combine the pof- 

pifton, by the tyJates of the hvpothefis with the preceding a column of 
hypothefis. , . , " f ^ . 

air, which occupies the upper part of a vefiel containing water 

in its bottom, becomes a heavy piflon, having its fubflance 
perforated in every direflion by pores of eafy iranrmilTton, 
which are, at the fame time, feparated by partitions imper- 
vious to water. After contemplating this imaginary ftrudure 
of the aimofpherical gas, let Uie^eader inveiligate tlie confe* 
Air nota vacuum ^uences of it, and compare them with natural events. The 
t« vapour. impenetrable parts of the gafeous piflon would compel the 
water to afeend along its perpendicular pores; in which it 
would be kept duly condenfed by (he prefl'ure of the incum- 
bent vapour. The fpecific gravity of this column, compound, 
ed of air and water, would exceed that of the external air ; 
^ronfequenliy the upper extremity of it would conflnntly glide 
over the edges of the vefTej into the atmofphere. Thus there 
would happen a double lofs of w'aler, namely, by evaporation 
and percolation : 4uf potbing of the kind is obfervable in na- 
ture ; confgquently the air is impenetrable to the conflituent 
particles of water not heated to the boiling point. 

Impenct-Jbility circumflance of water not being able to penetrate Kir at 

no obiTacle to ]ow temperatures, is no obflacle to the chemical union of the 
chemical union. fubflanccs ; for many aqueous folutions of#£ills occupy 
kTs Tpace, when completed, than the materials formerly did 
One gas not a which they are compofed. This fadl has been eflablifhed 
vacuum to an- by the prefent Bifliop of Llandatf ; and it proves that bodies, 
other. which are mutually impenetrable, maybe fufceptible of the 

bond of chemical affinity. , 


After 
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jjVfler all (hat has been faid about the conditution of gafas«! 
the notion is incorrect, ftridlly fpeakingf which fuppofes each 
gas to be as a vacuum to every other. The foregoing obferva« 
tion may alfo be extended to mixtures of carbonic acid gas 
with water; and the following indances maybe adduced in 
confirmation of the propofition : When a particular gas is de^ Proved by exye- 
veloped in a veflel containing common air, the firft portion 
that comes over has in it lefs of the fpecific gas than the fe- 
cond ; nor is the fecond equal to the third in purity. This 
circumdance (liews, that the new-formed gas does not find a 
vacuum in the air of the vefTel ; on the contrary, the two 
duids produce a mechanical mixture, which is gradually ex* 
pelled, until no part of the air remains in the tube or bottle. 

In like manner, if a bottle of highly aerated water be opened 
fuddenly, (he rapid expand on of the liberated gas ejects a 
great part of the contents, thereby proving that water oppofes 
an obdacle to the dilatation of this gas. In reality, Mr. Dalton 
allows one gas to be an impediment to the motions of another; 
but at the fame time he maintains, that two fuch fluids finally 
overcome their mutual obf^uAions, . and occupy the fame 
(pace in a date of perfe6t independence. This is B prppofi- 
tion which may be judly fufpedled of being a rolecifm in pneu- 
matics, until the author of it has proved the contrary by a ri- 
gorous demondration . 

Amongd the many probabilities which have been offered in A new theory 
fupport of the hypolhefis, perhaps none are more ingenious “^®^**^** 
than the remarks of Mr. Henry ; and the part which I have 
taken in tlie prefent letter, obliges me to place them in a new 
This attempt mud, however, be preceded by a theory, 
which will explain the relations of thpfe gafes that neither 
attradl nor repel each other : fuch an explanation became a 
neceffary part of pneumatics, from the time when Dr, Priedley 
maeft his experiments upon mixtures of this defcriplion. The 
following, then, is a fketch of a theory, having for its founda- 
tions the nrotual repulfion of homogeneous particles, and the 
reciprocal refidance which gafes have been (hewn to poiTefs. 

When two fuch ' gafes come into contact, parcels of each Sketch of the j 
will be detached by every flight force, and enveloped in 
fubdance of the other. In this manner, the two fluids will be 
Jbroiyeo to pieces, and blended in pne mafs forming a mecha- 
3 nical 



m 


DOCMIVS or MIXKO OASfeS. 


Exception to 
general rule. 


The theory ap- 
plied to M*^. 
Henry's experl 
pnentt. 


oicalfnbUuro; the component parts of which cannot be/e- 
parated without the inlerveotipn of chemical af^ents, becaufe 
the disjoined fragaients of each gas will be prevented from re- 
uniting by their mutual repuKion. There is one exception, 
however, to the general rule ; for when a liquid is found in a 
mixture, the component parts will follow the law of their 
fpecific gravities; becaufe an inelaffic fluid is not aduated by 
an intrinfic repulfion, in all other cafes the gafeous fragments 
wUI continue to be farther and farther fubdivided, and will cob- 
fiantly aiTume anew arrangement from the fligheft agitations. 
The conftituent parts of fuch a mixture exert their force in 
perfect union ; and this circumflance diflinguifhes it from Mr» 
Dalton’s com[H)und, the conAituent gafes of which prefs fe- 
parately upon all furfaces. 

The neceffary premiles being now fettled, it is time to fry 
the powers of the theory upon Mr. Henry’s experiments. If, 
then, ten meafures of water, containing an equal bulk of car- 
bonic acid gas, be prefTed by a column of the fame gas, equi- 
valent in force to 30 inches of mercury, the Aatc of the aque- 
ous compound will remain invs^iable ; becaufe the fpring of 
the gps in the water appears, by Mr. Henry’s experiments, to 
be equal to the fpring of the incumbent gas ; therefore, fliould 
a gafeous particle happen to efcape from the compound, an 
equal piirticle, from the up])cr part of the vefTel, will replace 
ft immediately. But if the incumbent carbonic acid be made 
to give place to a tnafs of common air of the fame claAic force, 
the fur&ce of the aqueous compound will undergo no change 
of preiTure ; but the gafeous part of It, meeting with no repul- 
[ion from the column of air, will begin to form a mechanical 
mixture with it, Iccdrding to the theory, The parcels of the 
carbonic acid will alfo remain diAin^, according to the fame, 
after their efeape froip the water ; and as a number of them 
lyiH be arranged pn the furface dividing the two mcdl'&ms, 
they will form fp many obAaeles to the dlfcharge of their kin- 
dred gas ; the egrefs of which will be coplrned the inter- 
mediate compart of eafier IranfmiAion confiAing of com- 
mon air. diviAon of the furface between the two medi- 
ums, into compartment^ of eafy tranfmiflion and impene- 
trable points, ultimately produces a fort of equilibiium, which 
affigns their re|pej9tve portions of the elaAic acid| to the gafe-, 

pus 
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6u\ compounds. The origin of this equilibrium is eafily cdU 
levied from the preceding theory and the laws of pneumatics. 

For the globules of carbonic acid, contained in the gafeoos 
compound, invariably exert the force of SO inches of mercury;' 
they therefore prove too powerful for the rarefied gas of the 
water, which they comprefs, and infinuate part of their own 
fubfiances into the fluid. Whilfl this operation is going on at 
innumerable points in the furface, portions of the fame gas 
are conflanlly forced through the compartments of eafy tranC> 
miflion, by the flighleft agitations. Now the quantity of gas 
which is difeharged into the air of the jar, is greateft at firflf 
and continually dimini (lies ; on the contrary, the quantity that 
16 forced into the water through the former paflages, is leaft at 
firfl, and increafes afterwards; confequently the two quantities 
ultimately become equal, and eflablith the equilibrium in quef> 
tion, by the contrariety of their effe^s. 

The preceding is a general propofltion, which explains a ConduHIng is« 
variety of appearances, fuch as Mr. Henry has defenbed, by 
by the well known principles of mechanics. Should the con* 
fideration of it be attended \gith convidion on his part, he 
perhaps will give a new turn to his experimental enquiries, 
and endeavour to difeover the law of affinity, which connects 
water with the different gafes. It is almofi certain, tliat this 
law is not the fame in all cafes, as will be feen by comparing 
the experiments of M. la SaulTure on the folution of water in 
common air, with Mr. Kirwan’s obfervations on the fdvenft 
powders of hidrogen; which may be found at page of the 
firfl edition of his Eflay on Phlogiflon. 

JOBH GOUGH. 

Middlejhaw, Aug, 23, 1804. • 

e 

P. S. The follow'ing error requires correflion; InVoI.VIII. 
page 244, Vne 21« before the words, as qft as water, read. 
therefore, and flrike out the fame conjunfliom in line 22. 
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Inftnnnents. 


jf/i Enquiry concerning the Nature of Heat and the Modes qf its 
Communication, By Benjamin Count of Ruwford, 
V, P, R, S. fyc. Abridged from the Philofophical Tratif- 
actions for the Year 1 B04>« 

Experiments on After remarking that all difcoveries on an agent of’ fuch 
extended operation as beat cannot fail to be eminently ufeful, 
the author proceeds to defcribe the apparatus afed in the ex« 
periments now to be defcribed : They were the following. 
Inftnnnents. J« Mercurial thermometers carefully condrufted, having 
Thermometen. bulbs, four inches long and four tenths of an inch in 

diameter, and their tubes from 15 to 16 inches long; tlta air 
being excluded, and the graduations according to Fahrenheit, 
exhibiting eight parts of degrees by means of a nonius. 
Inftnnnents. 2. Four cylindrical veflfels of thin (heetbrafs, for afcer tain ing 
Cylinders to the warmth of clothing. Fig, I, Plate I, The vcflTel isclofed 
water, and fuf- both ends; but has a neck at the top, into which hot water 
imd to cool with 19 occaiionally poured, and in which one of the thermometers 
ofclo^ng?^* is fitted and placed during the time of an experiment, fo that 
its long bulb (liatl occupy the axis of’ the veflel, and will ftiew 
its mean temperature. Another cylindrical neck proceeds from 
the lower furfacc, and is fitted upon the adjuflable part of the 
wooden flem beneath. The vefTels are tour inches long and 
four inches diameter, and tiie necks are about eight tenths of 
an inch in diameter, the upper one being four inches long and 
the lower three inches. When the veffel is clothed and charged 
with hot water, its rate of cooling by expofurc to tiie quiet air 
of a large rooro^wilt (hew the relative warmth of eacli parti- 
cular kind of clothing. 

In fome of the experiments the ends of the inflrument were 
permanently covered by the application of a thin wooddiu box 
to each, the box being varnif^^ed and covered with fine writing 
paperf and filled with fipe eider down, and a cap of fur was 
pulled over the box, and the proje£lin^ neck. The cloth- 
ing of thefe cafes was applied filr experiments to the cylindrical 
furface. 

Two of the inllruments (No. 1 and 2.) were thus covered 
up at the ends, and Ihe other two (No. 3 and 4) were left ijn 
the fiate reprefenled Fig* 1 « without the perroaiient cpveriiigs* 
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Ttf each experiment two limilar indruments (fuppofe No* 1 Method of op«r« 
and No, 2, or No. 3 and STo. 4) were ufed, one naked^ni the 
other covered^ to that in each experiment the naked indrument the eifea of 
ferved as the dandard of comparifon with the other. clothinif. 

The experiments were made and regidered in the following 
manner: the two indruments ufed in the experiment, placed 
over their wooden dands, being fet down on the floor, were 
filled to within about if inch of the tops of their cylindrical 
necks with boiling hot water; and a thermometer being put 
into each of them, they vi'ere placed at the didance of three 
feet from each other, on a large table in a corner of a large 
quiet room, 24 feet long, 19 feet wide and i 3 feet high, where 
they were fuflfered to cool undidurbed. Near them, on the 
fame table, and at the fame height above the table, there was 
placed another thermometer, fufpended in the air to the arm of 
a dand, to afeertain the temperature of the air. 

Every caution was ufed to prevent didurbanee by currents 
or agitation of the air, whether by partial heat or the intrudon 
of any perfon during the progrefs of any experiment. 

By the refults of a great number of experiments, it was Scale through 
found that the fame indrument cooled through any 
(fmall) number of degrees, for indance 14)^, in very nearly meafured. 
the lame time, whatever was the temperature of the air of the 
room; provided always that the point from which thefe 10 de« 
grees commenced, was at fome condant number of degrees 
above the temperature of the air at the time being. The in* 
lerval chofea by the Count lay between the 50ih and the 40tb 
degrees above the temperature of the air in which the indru- 
ine^'t was expofed to cool; w^hen for indance, the air was 
al 38°-, the interval commenced at 109, ofidfnded at 98^.— 

When the air was at 041*^ it commenced at il4§^ and ended 
at 10^^. 

Th# warmth of any covering, or its power to confine heat, 
was edimated by the time employed ia cooling through that 
interval. 

As it fometimes happened, though very feldom, in the Method of fup* 
courfe of an experiment (which Isommonly laded feveral hours) 
that the moment of the paflage of the mercury through one or ^eme inftants of 
. both of thefe extreme points was not obferved, it was of im- ®****^®t’jj 
parlance to determine the fame by interpolation from the other ^ obferved, 
points obferved. To do this, the author availed himfelf of 

the 
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the fidloiping law of pooling of hot bodies in a fluid, which ho 
found by experiment to be applicable without feniible error in 
the prefent cafe : It is that, if the equal poriioqs of a right 
}jne reprefent fucceffire intervals of time, and perpendiculars 
be eroded upon the fame, to denote by their lengths the de- 
grees of theexcefsof temperature of the hot body beyond that 
of the cold medium, at points denoting tlie correfponding in- 
fiants of time, the line joining the extremities of the perpen- 
diculars will be the logarithmic curve. Whence if two tem- 
peratures and the elapfed time be obferVed, it will beeafy by 
the help of a table of logarithms to determine the lime at which 
any intermediate temperature took place. This is exemplied 
by the Count, who then proceeds to relate his experiments. 
Ixp. f. Exp. 1. One of the vefTels, No. 1. having its ends clothed 

Irift^llnencaufcs®* defcribed, and its poliflied fidcs naked, was filled 

the heat to with hot water. Another vefiel. No. 2. alike in all refpeds, 
^ukke^Aw having its (ides clofely clothed with Irifh linen, fuch as 

a bright IS fold in London at 4s. per yard, was filled in like manner, 
aaetaUic Surface, and both were fimilarly expofed to cool. 

The naked infirument employed 55 minutes in cooling, from 
94® to 84^ Fahrenheit (the air of the room being at 45®.)— 
But the clothed inftrument was cooled through the fame in- 
terval in minutes, confequently this clothing expedited the 
emiffion of heat inilead of confining it. 

When l>oth inllruments were cooled to 429 they were re- 
moved into a warmer room at 62^, and the clothed inftrument 
was alfo found to acquire heat confiderably faito than the 
other. ^ 

Whether the linen accelerated the cooling by affifting the 
fucceftion of frelh particles of air, or by promoting the efcape 
of heat by radiation, were points to be determined. 

Exp. 2 . The Exp, 2. To decide this, the linen of No. 2. was removed, 
acDating^glur thinly coated with glue. In thefe cfrcum- 

flandes, while the ftandard or naked inftrument cooled through 
the interval in 55 minutes, the coated inftrumdRt employed 
only 43^ minutes. 

In reafoning upon this exj^iriment, the autlior concluded, 
that if the glue operated only by preventing the air from at<«* 
tariiing and fixing ttfelf to the polithed metallic furiace, and 
otMifequently in that manner facilitated its circulation and tfiie 
cooling; itw^ldbeof no confeqitencei whether the furfaca 
4 was 
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was'cpvered by one or more coatings of glue; Bat« on the 
contrary, if the radiations of heat were facilitated and in« 
creafcd, it might be expedted that a greater effeff would be 
.produced by two coatings than by one. 

£ip. 3. The experiment was therefore tried, and it was Cxp* 3. Mare^ 
found that the inflrument ufed employed only 37-J- minutes in 
palling through the interval. effea. 

Exp. 4, 5, 6, 7. When the experiment wa? repeated with £xp-4» Si T* 
clear colourlefs fpirit varnifh, the fame effedl was produced, 
and it was augmented as far as by four coatings. But on pro- 
ceeding as far as eight coalings, the limit of the greateft ededt 
was found to have been pafTed. 

Exp. S, 9, 10. Black paint (lamp black and fize) upon the Exp* 8, 9, to. „ 
Tamilh increafed the cooling effedt a little. When the intlru- 
ment was cleaned and then painted, its rapidity of cooling was 
nearly the fame = 35 minutes. And with white paint the dif- ..^nd whiter 
ference was tiot confiderable, as the effedl was product in 
36 minutes. As the paint was laid on in feveral fucceflive 
coatings, the Count remarks that little dependence is to be 
placed on tliefe refulls as indicating a difference from colour. 

Exp. 11. Tiie clean inflrument being fmoked black over a Exp. si. 
wax candle, was found to have cooled through the interval in 
36^ minutes, while the llandard employed 55^ minutes. The 
lamp black, uhen wiped off and weighed, amounted to lefs 
than f j of a grain, though it had completely covered 50 fquare 
inches. 

With a view to a more accurate determination of the velo- 
city of cooling, it was neceffary to afeertain what heat efcaped 
through the permanent clothing at the ends;^ This was done Determination of 
by obferving the times of cooling with and without the cloth- 
ing, and comparing the eire6ts with the refpeflive furfaces of ends of the in- 
expofu^j^. For the whole furface of the inflrument 85.195 ^'“™®“^* 
fquare inche.s, is to the furface of its vertical tides; fo is tlie 
whole quantity^of heat pafled off s= lOOOQ to the quantity that 
paffed through the fame lides =; 5885. And tince by obfer- 
vation the naked inllrument required 45| minutes to cool 
through the fame interval as was paffed through in 55 1 mU 
notes when the ends were covered, the author concludes that 
'45| : 55| : :'5885 : 7015= what would have pafled in the 
latbr interval through the upright furface, and confequently 
that the remainder of the heat = 2985 parts muff have paffed 
through the covered parts of the inffroment. 
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By thefe refuks to the numbers in Exp. 1 1 • where 

the cooling was etfe6ted in 36\ minutes, the Count fays as 53| 
minutes give 2085 heat paflTed through the covered ends, fo 
will 36-j- minutes give 1942 parts. And this taken from 10000, 
the whole heat lok, will leave 8058 for the heat that really 
Whence the pafled through the upright tides. But it was found that 7015 
pafs through the naked tides in 55 J minutes: VVhence 
7015 : 55f ; : 8058; 6:3J. And consequently, the corrected 
times are 36*}- and 65^, w hich exprefs the velocities of the 
pallage of heat through the furface of tlie naked metal, and 
that which was blackened with fmoke, viz. as 5654 to 10000 
nearly. 

In the fame manner the velocities of the paflfage of heat in 
the experiment No. 6. are (liewn to have been as 4566 to 
10000. 


A new courfe of been remarked that, in thefe curious in Aances of the 

exfienments. efTeds of modihcalion of furface or clothing upon the tran- 
fitions of heat, the effed may have been favoured by commu- 
nication to the air, or by facilifaling the procefs of radiation. 
The author’s jeafoning upon Exp» 2. appeared not fo decifive 
as to need no fupport from experiments of a different clafs. 
He therefore conflrudled an inflrument for meafuring the effects 
. ^ of radiation, which is feen in Fig, 2^ .Plate I. 

Inftruments for Like the hygrometer of Mr. Lcdie,**^ (as the Count ob- 
ferves) it confiils of two glafs balls at the ends of a tube C 
and £. The tube is of fuch a diameter that one inch in length 
would contain 15 grains of mercury; the balls are 1.625 
inches in diameter; the upright ends of the tube C and £ are 
each 10 iiichcs^lo^g; the horizontal part D is 17 inches; and 
the board A B, io Vhich it is attac hed, is 27 inches long, 9 
inches Wide, and one inch thick. The pillar F fupports a cir- 
cular vertical fereen made of palleboard, covered with gilt 
paper on both fides, the life of which is lo prote^ one of the 
balls from rays intended only to act upon the other. The balls 
contain only air, and a fmall drop of colourecnpirit of v/ine 
is introduced by means of a fhort lube proje6ling from one of 
the elbows ; which fhort lube is then hermetically fealed. By a 
little management the bubble of fpirit is brougiit to reft in the 
middle of the horizontal lube; and when the temperature of 
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the itir in either of the balls is made to exceed that of the 
other, the increafed eladicity caufes the bubble to move to- 
wards the colder ball. 

. By a (imple contrivance of Aiding boards, the hot bodies 
were moved by rack-work and a winch to any didance from 
the thermofeope without the attention of the obferver being 
taken off from the bubble in the tube, and the didances were 
alfo (hewn by a graduated fcale and nonius. Fig. 3. Plate 1. 
fhews one of thefe bodies. It is a metallic cylinder having its 
bafctlwhich is to be prefented to the thermofeope, vertical, and 
its neck obliquely placed for the purpofe of introducing the 
hot Water, and alfo a thermometer for (hewing its temperature 
at any required time. 

77ie experiments and obfervatirms which conjlitute the remainder 
of this memoir will he given in our next. 


XIIL 

Experiments and Calculations relative to phyfical Optics, By 
Thomas Young, M. D. F, R, S, From the Philofophical 
Tranfudions for 1801«. 

I, EXPERIMENTAL DEMONSTRATION OF THE GENERAL 
LAW OF THE INTERFERENCE OF LIGHT. 

In making fome experiments on the fringes of colours accom- General laws of 
panying fliadows, I have found fo (imple and fo demondralive 
a proof of- the general law of the interferenep o/ two portions ia the produftion 
of light, which I have already endeavoured* to edabllAi, that 
think it right to lay before the Royal Society, a fliort datement 
of the fa6ls which appear to me fo decidve. The propofition 
on whicli 1 mean to iniid at prefent, is (imply this, that fringes 
of colours are produced by the interference of two portions of 
light; and 1 tliink it will not be efenied by the mod prejudiced, 
that the adertion is proved by the experiments I am about to 
relate, which may be repeated with great eafe, whenever the 
*1'un diines, and without any other apparatus than is at hand ta 
every one, 

JBxper. 1. I made a finall hole in a window-lbutler, and 
covered it with apiece of thick paper, which I perforated with Aadowof aflip 
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iuced by thein* a fine needle. For greatef convenience of obfervltUon, I placed 
urferencs ^ fmall looking glafs without the window-lhutter, in fuch a po- 
° For in- filion as to reflect the fun's light, in a dire6lion nearly horinon* 
terceptioD on one f^l, upon theoppofite wall, and tocaufe the cone of diverging 
* light to pafs over a table, on which were feveral little fcrcensof 
card«paper. I brought into the fan-beain a flip of card, about 
one^thirtieth of an inch in breadth, and obferved its fliadow, 
either on the wall, or on other cards held at diflerent diflances. 
Befides the fringes of colours on each fide of the fiiadow, the 
ihadow itfelf was divided by fimilar parallel fringes, of fmaller 
dimenfions, differing in number^ according to the diflance at 
which the fliadow was obferved, but leaving the middle of the 
fliadow always white. Now thefe fringes were the joint effedls 
of the portions of light pafling on each fide of the flip of card, 
and infle£ted, or rather diffracted, into the fliadow. For, a 
little fcreen being placed a few inches from the card, fo as to 
receive either edge of the fliadow on its margin, ull the fringes 
which had before been obferved in the fliadow on the wall 
immediately difappeared, although the light infleCled on the 
other fide was allowed to retain its courfe, and although this 
light mufl have undergone any modification that the proximity 
of the other edge of the flip of card might have been capable 
of occafioning. When the interpofing fcreen was more re- 
mote from the narrow card, it was neceflary to plunge it more 
deeply into the fliadow, in order to extinguifli the parallel lines; 
for here the light, diffraCted from the edge of the objeCl, had 
entered further into the fliadow, in its way towards the fringes. 
Nor was it for want of a fufficient intenfity of light, that one 
of the two portions was incapable of producing tlie fringes 
alone ; for, when tliey were both uninterrupted, the lines ap- 
peared, even if the intenfity was reduced to one-tenth or one- 
twentieth. , 
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6. Mould the 
amalgam into 
pieces) which 
foon become 
fjlid. 


“^platina," ami amal^mate^Chcm together; and to this amalgam 
ma)^ be added alternate fmall quantities of platina and mercurj 
till the whole of the two metals are combined. Several pounds 
may be thus amalgamated in a few hours, and in the large way 
a proper mill might (liorten the operation. 

6, After the amalgam is completely produced, it muft be 
quickly moulded in bars or plates, or any other forms (liat may 
be preferred; taking carte that ihefe moulded pieces fliould at 
leafl be half an inch in thicknefs, and of a proper length to 
manage them afterwards in the hre; it is alfo requitlte that 
the moulds fliouM he perfectly even and fmooth. Half an hour 
after the pieces are formed they begin to harden by the Oxi- 
dation of the mercury, and change their brilliant metallic co- 
lour for a dull leaden one. 


7. Expel tlie 7. As foon as the pieces have acquired a proper degree of 
mcrcuiy, by »g- hardiicfs to be handled w'ithout danger of breaking, w'hicb 
commonly lakes place in a little more than an hour, place them 
in a proper furnace, and keep them ignited under a muffle or 
in a fmall reverberatory. No other precaution is neceflTary in 
this operation but that of not breaking the pieces during their 
Laftly, tranfporl. The mercury flics off during the heal, and the pla- 

ffl-ongly^a^r*"* remains perfectly folid; fo that, after being firongly ig- 
forge oV laminate ni ted two or three times before the bellows, it may be forged 
b* or laminated in the fame manner as gold or (ilver; care being 

taken, at the commencement of the forging or of paffliig it 
between roller?, not to apply too great a force till the metal has 
Tofave tlic acquired all its denfity. Jlis almofl fuperfluous to add that in 
l!ar**cfcV^* evaporating the meicury from large quantities of amalgam, a 
proper apparatus, fuch as in the filver amalgamation, muft be 
employed to rjceijx‘ the volatilized mercury; but for fmall 
quantities, where the lofs of this metal is of no confequence, 
the furnace muft Iiavc a proper chimney to carry off the metal- 
lic vapours. When the platina comes out of the firf. fire its 
dimeii lions are about two thirteenth parts fmaller every way 
Remarks on this than the original amalgam from the mould. The whole of this 
procets. operation feems to be governed by the preffure of the atmof- 

pliere and the laws of cohefive attraction: for the air is driven 
out from between the molecules of the platina, wdiich by their«« 
folulion in mercury are moft probably in their primitive and 
confequently uniform figure. It is very viftble and at the 
lame time a very amufing phenomenon to obferve, (during the 
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procffsof ignition, which performed in four or five mihdtes) 
how the platina contradls every way into itfelf, as if prefTed by 
feme external force.* 


1 have alfo lately obtained triple falls of muriate of platina Triple muriatic 

with muriate of ponderous earth : and alfo with muriate of P!**'"*5 
^ iTrt i r r I 1 if with earth# and 

magnelia; and I itrongly lulpeccthat every other earth except ^ithmetalii 

the filiceous, and even the metals, are fa fceplible of fuch triple 

combinations. I have likewife obtained a very beautiful fait —beautiful filt 

of platina by the combination of foda and platina with the mu- w^hfoda* 

riatic acid ; a combination which Bergqian and feveral other 

chemids deny. The bed manner of obtaining it is by didblv. 

ing the platina in nitrous acid, (o which, for that purpofe, two 

parts of muriate of foda and one of platina are added. The 

platina mud be made in a retort with its receiver, and after 

about four fifths of the fluid have come over, the procefs mud 

be interrupted, and the whole left to cool in the fund bath. 

The fait crydallizes in fine prifms, w'hich are fometimes four or 

five inches long, and either red brown, like titanium, yellow^ 

like amber, or of a beautiful 2oquelicot colour, according to 

the purity of the platina. I enclofe here my addrefs during 

my abfence, and hope you will receive with indulgence the 

contents of this letter. 

I am with great regard. Sir, 

Your mod humble and obedient fervant, 

Count Apollos Moussin Poushkin. 

* In the Count’s letter to Mr. Hatchett, requeding him to pub-' 
lifh the method in the text (communicated to^Mr. H. feme years 
ago) the following addition is given : (in Frfnchf) 

“ As foon ns my amalgam of mercury is made, 1 coenprefs the 
fame in tubes of wood, by the piefliiie of an iron ferew upon a cy<« 
linder caf wood, adapted to the bore of the tube. This forces out 
the iuperabundant mercury from the amalgam, and renders it folid. 

After two or three hours 1 burn upon the coals or in a crucible 
lined with charcoal, the fheath in which the amalgam is contained, 
and urge the fire to a white heat ; after which 1 take out the platina 
in a very folid d:;te, fit to be forged/* 


t 2 


On 



08 


Oir fCFPER* 


11 . 


On Pepper, Thomas Thomson, M, D. Communicated 
by the Author, 


Vegetable ehe- 
miflryaeigle^d. 


Reafons why 
this branch muft 
be always lefs 
accurate than 
mineral clie- 
Jtiiflry. 


Changes in ve* 
gerable matter 
afterlife; and 
by reagents. 


INOTWITHSTANDING the great number of labourers 
who have engaged in the cultivation of chemiftry, the field 
of that alluring fcience is too 6xlenfive to be fully occupied. 
While many fubdivifions are left entirely wafle, and others 
exhibit here and there only faint traces of improvement, fome 
fortunate fpots, either from their fuppofed importance, or from 
the influence of fafliion or accident, have been crowded with 
workmen, and cultivated with enthufiadic cagernefs. The 
mineral kingdom has probably engaged the exclufive attention 
of nearly two thirds of the whole body of pradtical chemiHs: 
The animal kingdom, in confequence of the intimate connec-^ 
tion between chemiflry and medicine, has enjoyed a confi> 
derable (hare of cultivation ; but the vegetable kingdom, though 
fiirely not inferior in iroportanre, and apparently rather more 
alluring, has till lately been greatly neglected, at lead in 
Britain. 

Indeed it is not likely that vegetable chemiftry will ever 
arrive at the precifion w’hicli wc have a right to look for in 
the analyiis of minerals. The confiituents of the latter feem 
fcarcely fufceptible of altering their date; but thole of vegeta- 
bles run progreffively through a regular fuite of changes. — 
Thus the fubdance, which in the embryo car of corn polfelles 
the properties of 7tnicil(ige, appears in the ripened grain under 
the form of JiaiHh* . Between thefe two extremes there exids 
an indefinite niunber of intermediate dates, through all of 
wliicli the vegetable matter fucceflively runs. The rapidity 
and compietitm of thel'e changes depend upon a multicude of 
circumdances. In no cafe can they proceed exactly in the 
lame order and at (he fame rate unlcfs all the circumdances 
tally. Without this the condituents of two vegetables even of 
the fame fpecies, cannot be in the fame date, and of courfe the 
analyfis of each, though condudled with the mod perfect ac«* 
curacy, will by no means exhibit an exad coincidence. 

But even fuppofing the condituents of two vegetable bodies 
in every refped the fame, dill the analyiis of each may lead 
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to different refults. Vegetable fubdances not only pafs through 
a fint of changes while they condilute a part of the living 
plant, but many of them are dill fufeeptibie of continuing the 
fuit even after they are feparated from the parent that produced 
them. Thusg/K^en when kept moift runs into cheefi\ oil when 
long expofed to the fun and air hardens into pr refin, and 
the milky juices of plants into gum-refins. Our analvfis fre- 
quently accelerates or occadons thefe changes, and even pro- 
duces others altogether new. Hence the principles which we 
extract from vegetable bodies are not always tiie conflituentsof 
thefe bodies; but a new fet of principles formed during the 
analyfis, and of courfe varying according to the nature and 
circumdances of the experimental invedigation. Hence we 
are feldom able to form again the old vegetable compound by 
uniting together all the ingredients which we have extracted 
from it. 

Thefe difficulties increafe with the complicated nature of the Complication of 
vegetable body ; for the greater the number of conftituents P""*^^?**^** 
the more liable are they to undergo alteration during an anal)- 
fis. Indeed fome vegetable principles feem incapable f)t ex- 
iding except in combination, and are deconipuled or new mo- 
dified the indant we attempt to feparate them. 

The variety of dales in which the vegetable principles fuc- Loofe nomen- 
cedively exid, together with the didicully of examining their 
properties without altering their nature, has rendered it necef- 
(ary for chemids to apply the names of them with gi eater lati- 
tude tlian is ufual in other departments of the feienee. A ge- 
neral refemblance, indeed, in the mod driking properties, 
feems to have been thought fullicient to entitle vegetable prin- 
ciples to the fame name. If we examine ike bodies termed 
gum, we (liall dnd them running on the one hand into jiarck, 
and on the other into JUgar\ and forming a pretty long feries, 
haviii;y fugar and darch at the two extremities: no two of the 
fubdances condituting the feries are exactly the fame; but the 
fame name is ufually applied to all thofe that have a general 
refemblance. This will be eafily feen by the following table, 
in which 1 have fubdivided the feries into five genera* 


{ 


1. Common suga 

2. Sugar of grapes 

3. Sugar of beet. 


R 


Inftances in 
fugar, gy,in, 
ftarch* 


Genus I. Sugar * 


II. Sarcocoll 



70 


DV rEPTEB., 


Thefe terms 
generic. 


SuhjeA intro- 
duced : 

Temper, 


Defcnption# 


Maceration In 
cold water. 


II. SarcocoII • 


III. Gum - - 


{ 

{ 


1 Manna 

2. Liquorice 

3 Common farcocoll 

4 Saccharine of malt. 

1 . Mucilage of roots 

2. Cherry-tree gum 

3. GuM-«ARi«BIC 

4. Gum of barks. 


IV. Gluten 


V. Starch 


I 

! 


1 . Gluten of barley 

2. Gluten of wheat 

3. Cafeous principle. 

1. Gum tragacantli 

2. Gum of lichens. 

3. Common ftarch. 


re The terms gum, ftarch, fugar, &c. in vegelable cliemifiry 
are not to be underdood as the names of peculiar fubflances, 
nor even as fpecies; but merely as genera, and nearly fiiniiar 
(o the terms metals, acids, alkalies, &c. in the other depart- 
ments of chemiftry. , 

The preceding obfervations will ferve, I truft, as an apology 
for the imperfeflion of the following remarks on pepper. I 
offer them lotlie public not as an anal) (is of that vegetable fub- 
Aance, but as an account of fome of the properties of its moil 
remarkable conflituents. 

I. Black fkbfer is the fruit of an Bail Indian plant, the 
piper nigrum, and is too well known to require any particular 
defeription. The outer coat of the pepper-corn is brown, 
and a good deal (lirivelled. Its tafte U not nearly fo pungent 
as the inner part^ of courfe it contains Ids of the peculiar prin- 
ciple to which pepper owes its tafte and fmell. 

II. When pepper is macerated in cold water it does not 
lofe its ftiri veiled appearance; a proof that the corn.s s^e im- 
pregnated with an oily ftibftancei which prevents them from 
abforbing water. The liquid very foon acquires a fine deep 
reddift] brown colour, but retains its tranfparency. IVhiiepep* 
pert w'hich is know n to want the outer coat, communicates no, 
fuch colour to water ; the colouring matter then muft reftde in 
the outer coat. 

The watery infufion thus o()taincd poffcffes the fmell and 
tafte which are peculiar to pepper. Like moft other exira6l'^^ 

it 
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It has the property of giving a red colour to vegetable blues. 

A very great quantity oF water fucceffively applied is ne« eflTary 
to exhautl the pepper of its colouring matter: but tiie fmell 
and tafle of pepper become lefs and tefs (Irong in thefe infu- 
fions» and at lafl altogether imperceptible, leaving the inf u (ions 
intipid, or (lightly fwcetidi. 

1. Thefe cold infufions contain a peculiar extractive matter, Peculiar txtraS- 
which feems to refide in the outer coat of the pepper-corn. 

In the (ird infutions their matter is united to the fubdance, in 
which the tade and fmell of pepper redde, and occa(ions its 
folubility in water. In the lad infiifions, if we judge from 
their appearance, it feems to be mixed with a mucelaginous 
fubdancc. 

2. If we mix the infufion of nut-galls with the cold infudon Cold and hot 
of pepper, no fenlible change is produced; but in a deco6tion 

of pepper, it produces a copious daky precipitate. Hence with inful. of 
we learn that there is a fubdancc in pepper infoluble in cold *^'““J*^*^*^**** 
w^tcr, but dsparated by means of boiling water. This fub- 
dance, as diall be afterwards fliown, h a fpecics ft arch. 

3. When pepper is macerated in alcohol it communicates a Maceration of 
light yellowidi green colour t<.* the liquid, which becomes at ^^^J|^and*di*'u" 
the fame time fully impregnated with the peculiar hot prmci- tion leave Wji/Zc 
pie which charadlerizes pepper. By didilling this lindlure in 

a retort, the alcohol is obtained colourleis, but of a decidedly 
peppery flavour. Towards the end of the didillation, the 
liquid in the retort becomes muddy, and depofiles a greenith 
matter, part of which may be obfervedaifo trickling down the 
fides of the receiver like drops of oil. The refidual liquid is 
yellow, but nearly infipid. This green matter is the fubdanee 
to whic-h pepper is indebted for its lade and fmell. Its pro- 
perties are analogous to ihofc of the volatile dlls. 

4. Thefe three bodies, namely, txiradive, y^/rc4 -and oil, I 
conGder as the mod important ingredients of the pepper-corn. 

Let us examine the properties of each, beginning with the oil, 
which isobvioufly thcclfential ingredient. 

111. The colour of the oil of pepper is grafs green. When CharaAcn •f 
firll obtained it is of the conOdence of turpentine, but it gra- peppw. 
dually hardens by expofure to the air. When moderately 
heated, it gives out a liquid oil of a yellowidi green colour, 
and leaves a folid mafs, fimilar nearly to a refin. When thrown 
into water, it finks to the bottom of that liquid. 


Its 
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Tafteindfmell lU is intolerably hot» and preclfely fimilar to thai of 
SoUJtsfmeH. 

corn- When beatod to 100®, it foftens; ft melts at 148®, evapo* 

Sflammable, rates a little above 212® in a white fmoke, which fmellsiike 

tobacco fmoke, irritating the throat and exciting coughing* 
Evaporated to drynefs on a glafs plate, it leaves a yellow trace 
behind it. When fuddenly heated, it boils violently, and the 
Vapour burns with a clear white flame without any fmoke. 
Volatile by It gives agreafy ftain of a green colour to paper. At 500® 

Oroog heau greafy appearance is removed, but the green mark ftill con- 

tinues, unlefs the heat be fufheient to char the paper. Hence 
I think it follows, that the colouring matter of this oil is a fub- 
ilance entirely di{lin6t from the oil itfelf. 

Soluble in alco- Xhe oil of pepper is infoluble in water; alcohol and ether 
b^t n"t^witerj readily; the folution is light green: alcohol holding 

&c. it in folution, acquires a very fragrant odour, precifely iimilar 

to that of oil of lavender. When water is added to this fulu- 
tion, the whole becomes milky, and pafTes in that ^ate through 
(he filter. On (landing fume weeks, light green flakes fubfide, 
but the milky opacity is permanent. 

A^ionofal- Alkalies have no fenfible aClion on this oil while cold. 

When thrown into liquid potafh it fwims on the furface. If 
the liquid be heated, the oil becomes brown and acquires 
greater coniiflence. At the fame time it evaporates partially, 
difTufing around the peculiar odour of pepper, 

—• of nitric acid. Nitric acid dilTolves it with effervefcence, the folution is )el- 
lowifh brown, and a waxy matter fwims on the furlace. This 
^cid a6ts in the fame manner on other volatile oils. 

— and of ox* The oxygenized muriatic acid deflroys the green colour and 
raur* acid. makes it yellowifli white. But it (liil retains its fonner taflc. 

It is i vol. oil, Tiiefe properties*' ore fufficient to authorize us to refer this 
with col. matter green matter to the genus of volatile oils It is not however 
and itfiii. ^ befides the colouring matter already mentioned, 

it obvioufly contains a fubnaiice which approaches to the genus 
of refins in its properties. 

Extra9tvt^( JV. The extractive of pepper is procured by macerate 
pspper. the pepper*cprns in cold water. Like the oilier fpecies of 

this difficult genus of vegetable principles, it is fcarce poffible 
to obtain it in a flate of abfolute purity. But if we macerate 
the pepper*0orns whole in fucceffive portions of water, till the 
li(}uid lofes the peppery flavour, and then pour on them frefl^ 
4 water. 


Adlion of al- 
kalis. 


— and of ox. 
raur* acid. 

It is i vol. oil. 


ExPraBtvt of 
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water, we obtain an infuiion which I befietre holds in folu- 
ticia fharcely any thing butextra6tive. If this infuftonbe eva- 
porated (lowly in a fleam heat, it leaves a brown refiduum, 
which I conflder as extradlive of flareh not far from purity. 

] . "fhe infuiion is inlipid or (lightly fweetifli, and of a fine Aq. rolutioa 
reddifh brown colour. As the evaporation advances, (he co- ^^y*^"*** 
lour deepens, and the liquid acquires an acrid flavour, fimilar 
to that of fcorched vegetable matter. This flavour, which in- 
dicates a commencement of decompofltion, is evolved at a 
very moderate temperature. 

2. If the evaporation be condudled rapidly the extradlive is 
opaque, dark brown, and has a perceptible tafle, and dele- 
qucfces or at leaft attradls moiflure when firft expofed (o tho 
atmofphere. But by very (low evaporation I have obtained 
it in (inc femi-traidparent brown fcales, which are inflpid, 
brittle, and not altered by exj>orure to the air. 

3> This extradlivc difl’olves readily in water, but not in al- Soluble in water, 
rohol. If it be repeatedly diflblved in water, and the folu- "°^ *“ *'*** 
lions evaporated to drynefs, a fmall portion of it becomes iiv 
foluble in ih.nt liquid; but the greater part continues foluble 
after the procefs has been repeated occafionally even for 
months. 

4. Thisexfradlive is precipitated from water by mofl of the Predpit. by 
nittallic falls and by fcveral of the earthy folutions. meullic falts. 

It is thrown down in brown flakes by lime-water flrontian 
water and alum. Barytes water deepens the colour, but oc- 
cafions no fenfible precipitate; nor is any precipitate pro- 
duced by filicated potafs or the magneflan falts. 

It IS precipitated brown red by the nitro-muriale of gold, 
the nitrate of filver, mercury, lead and biftjiibth, and by the 
muriate of tin and antimony. When mixed with the infuflon 
of litmus, the colour becomes red. Ammonia reflore*s the ori- 
ginal cf^lour, and at the fame time throws down a copious blue 
lake. 


5. When a current of oxymuriatic acid is palTed through —by ox. mur. 
(he infuflon of pepper, the brown colour is fpeedily converted 
into a pale yellow, and the exlra6tive precipitates in white 
flakes. The eaflefl method of making this experiment is the 
following: Put a quantity of the hyperoxymuriate of pofafli 
into a fmall retort, having a long neck (or a flafk provided 
with a bent glafs tube ground into it) and pour upon it a por. 

, tioii 
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tion of muriatic acid. Let the infuGon of pepper be put into 
a tall glafs veflTeh and plunge the beak of the retort to theboU 
tom of it. A current of oxymuriatic acid is difengaged from 
(he (ahi and patfes in bubbles through the infuGon for a conG* 
derable time. 

When ammonia ts added to the infuGon thus made white, 
the original red colour is reGored. The white Gakes precipi-* 
taled by oxymuriatic acid gas are infoluble in cold water. 
DecoAbn of V. Thai pepper contains a fpecies of Garch^ I conclude 
following experiment, which I have frequently re- 
cip. foluble in pealed. ' When the deco6tion of pepper is mixed with the in- 
eSd water*^^ ^ fuGon of nut-galN, a copious precipitate falls in reddifli brown 
Gakes. If this liquid l)e heated to the temperature of about 
120®, the precipitate is re-diGblved, but appears again when 
the folution cools. Now the only (ubGance which poG'eGes 
the property of forming with tan, a precipitate nearly infolublo 
in cold water, but very foluble in hot water, is Garcb. Tan 
indeed throws down gluten, but the prccipitate>is not re-dif- 
folved in the application of heat. It throws down caoutchouc 
and fome of the gum-rcfins, but the precipitate is fcanty and 
probably owing to the extraneous matter. The precipitate 
which it forms with gelatine and albumen cannot even by the 
moG careleA obferver, be confounded with the compound of 
This pro^rty is Garch and tan. But beGdes this property, uhich I conGderas 
^^charafteriGic, the Garch of pepper, agrees with common 
Garch in the phenomena which it exhibits with the diGFerent 
chemical reagents. 

Pttenomena of As (hefe phenomena have not yet been detailed by chemical 
writers, it may be neccGary to give a Giorl Iketch of them in 
this place. ^ , 

Starch noteafily !• Starch is one* of thofe vegetable bodies that are leaG li- 
decompofed. able to decompoGtion. It conGitules one of themoG import. 

ant articles of food, and afls an important part in the (iroduc- 
tion of fermented liquors. The obvious properties of com- 
mon Garch are too well known to require any defeription. 

Not foluble in 2. Neither alcohol nor ether nor water are capable of dif- 
OT ^atcr.*^^***^*^* folving it. The laG liquid when aGTiGed by a boiling heat, 
readily unites with it, and forms a kind of jelly, which may 
be diGufed through boiling water; but when the mixture is 
allowed to Gand afuGicient time, the Garch Gowly precipitates 

Fornfis a jelly jq botlODi. Bv drying the compound of Garch and wator. 
with hot water ^ ^ ^ 

which is little R brittle^ 

chauged. 


Pttenomena of 
ftarch with re- 
Sgentt. 


Not foluble in 
alcohol , ether, 
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8 brittle fubtlance is obtained, differinj^ in appearance from 
eommon (iarch, but exhibiting nearly the fame properties with 
re^agents. The apparent difference is probably owing to a 
portion of water remaining united to theftarch. 

S, When fiarch is triturated with the hot infufion of nut-— Completely 
galls, a complete fnlution is effected. The folution is 
parent and rather lighter coloured than the infufion of galls, and precip. by 
When cold it becomes opaque, and a copious curdy precipi-^***’ 
late falls. 

The infufion of nut-galls, which 1 am accuflomed to em- The infufion of 
ploy in all my experiments, except when the contrary is **^^”^*”* 

prefsly mentioned, is made by boiling together one part of 
galls in coarfe powder and two parts of water in a glafs retort* 

When cold, the liquid part is decanted into a glnfs phial. It 
is at firft muddy, and opake ; but on (landing, afediment falls, 
and a tranfparent liquid remains of a deep brown colour, 
which conflitulGs ray infufion. An ounce meafure of this in- 
fufion, when evaporated to drynefs in a glafs velfel placed on 
a tin-plate box, heated by fleam, leaves a brown refidue^ 
which weighs 68 grains. This reiidue conlifls chiefly of tan; 
for thegreatefl part of the extrsilSlive gradually feparates from 
the infufion in the (late of a brown, tough, imperfectly folu- 
ble membrane. Neither extradite nor pure gallic acid has any 
effect upon thedeco6tion of (larch. Hence the precipitate is 
obvioufly produced by the foie a6lion of tan upon the flarch. 

4. Twenty-four grains of flarch were triturated with half an Bxperlment oF 
ounce meafure of the infufion of galls, and mixed with about 
five ounces of hot water. A complete (olution took place; 
but on cooling, the liquid became opaque, and a precipitate 
fell, whith dried by a fleam heat, weighed 35 grains. The 
refidual liquor had a light yellow colour and an aflringent tafle. 

When evaporated to drynefs, it left a refiduum that\veighed 
17 grt^ns. This refiduum contained flarch, for it was not 
completely foluble in alcohol. In this experiment forae lufs 
niufl have been fuflained during the trituration. For the folid 
matter obtained weighed only .52 grains; or fix grains lefs than 
the 24 grains of flarch and the 34 grains of folid matter in the 
infufion of galls. The followingis more to be depended on: 

After various 1 rials, I found that flarch and tan are capable of 
uniting in different proportions. But the precipitate is lead 
fohible when |oz. meafure of infufion of galls is ufed for 
.every 24 grains of flarch. — I took 24 grains of flarch, boiled 

them- 
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them in a flafk with five ounces of water, and then added 
meafure of the infufionof galls. On cooling, a copions^pre* 
cipitate fell, and the liquid remained only faintly cokmred* 
The precipitate dried in a fleam heat weighed 31 grains, and 
the reiidoal liquid lefl 11 grains of refidue. The whole 
amounted to 42 grains ; which is very nearly equal to the 24 
grains of flarch and 17 of tan employed ; the compound in this 
cafe confifls of 

65.5 flarch, or nearly 3 flarch 

41.5 tan - - - - 2 tan 


100.0 5 

The compound of flarch and tan is of a light brownifh yel-i 
low colour, femi-tranfparent and brittle, an*.: has a good deal 
of refemblance to common farcocoll. Its tafle is afiringent ; 
it feels glutinous between the teeth, like gum. It is very iin* 
perfedlly foluble in cold water, but hot water diflblves it abun- 
dantly. Alcohol digefled on it acquires a browp colour; but 
is incapable of feparaling the whole of the tan from the flarch. 
When heated, it froths, fc^ells and melts, and then burns with 
a clear flame, leaving like a fmall portion of white allies 
behind it. 

InfufloDofftarch 5. To afeertain the effect of the earths and metallic oxides 
wths*— on flarch, an infufion of it was formed by triturating 24 grains 
of flarch with 4^ ounces of water, and then boiling the n^ix- 
ture for fome time. The deco6lion thus formed, is nearly 
tranfparent,. and of a flight opal colour. When fet afide, at 
Icafl a month elapfes before the flarch begins to fubfide. 

When lime water is mixed with this deco6lion, no change 
is produced ; neither is any perceptible alteration occafioned 
by (Ironti^n wafer; *but barytes water throws down a copious 
white flaky precipitate. This precipitate is re-diflblved by 
muriatic acid, but appears again on Handing unlefs a confider- 
able excefs of acid has been added. Yet muriate of loaryles 
occafions no change in the decoftion of flarch. 

—with metallic No metallic fait Teems to have the effed of throwing down 
falls: no cfFcft. fj-Qu, jjg deco£lion. The following were tried: 

Nitro*muriate of gold, platinum; 

Nitrate of Hlver, mercury, lead; 

Muriate of tin, acelite of lead ; 

Salts of copper, iron, zinc; ^ 

Ammoniated nickel and cobalt. 


6 . When 
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6^ Wberi poCafs h triturated wkh (larch« and a fmall qumr 
tily of water added, the whole airumes on (landing the ap- 
pearance of a femi-tranrparent jelly. On adding water, an 
opaJ coloured fohition is obtained. From which the (larch is rea- 
dily thrown down by an acid. When muriatic acid is em- 


ployed, a peculiar aromatic odour is exhaled. 

When the infufion of galls is dropt into the folutioo of (larch 
in potafs, a yellowifti white precipitate appears^ but is inanae- 
diately re-diilblved, and the liquid remains opake and of a 
dark brown colour. On adding muriatic acid, a copious pre* 
cipitate falls, refcmbling the compound of Aarch and tan.— 

Nitric acid occafions no precipitate, neither does ammonia. 

The decoction of (larch is neither altered by potaih, carbo- 
nate of potafh, nor ammonia. 

7. Sulphuric acid dilTolves (larch, and abundance of char- Treatment of 
coal is precipitated. Diluted fulphuric acid, when affided by pjianl.'^^Solu- 
lieat, dilTolves it without decompofition. Sulphureous acidtion. Separation 
has no efledl^upon it. -**5 ?***"' 

Diluted nitric acid nrfl reduces (larch to powder, and then not affeded by 
difTolves it, with the exception.pOf Tome waxy matter, l 

fwims on the furface. During the folutioo, fome nitrous gafs by the ancient 
is exhaled. mineral acid:.. 

Strong muriatic acid difTolves (larch (lowly, and without ^f. Phenomena. 


fervefcence. When the (larch does not exceed ^ of the 
acid, the folution is colourlefs and tranfparent, but if we con- 
tinue to add (larch, a brown colour foon appears, and the acid 
lofesa portion of its liquidity. Its peculiar fmell isdeftroyed, 
and replaced by the odour which didinguKhes corn mills. 

Acetic acid does not difTolve (larch. 


8. Alcohol feparates (larch in part from ijspdscoflion. Potadi £xperlnnenai 
didblved in alcohol occafions a copious white precipitate, 
which is re-ditfolved on adding a fufficient quantity of water. 

Alcohol digeded on fulphuret of potafs, occafions a (laky 
precipitate in the decro^ion of (larch: this precipitate has 
fometimes an orange colour. 

Such are the pro|)erlies of common ftarch i the (larch of Starch of pepper 

pepper polfeires them, excepting only that the colour 

precipitates is peculiarly modified by the other ingredients of is unired to an 

pepper, firom K^ich it is not pofiible to free the (larch com-®^^ the pepper- 
, , corn . 

pletdy. 

*A very confiderable portion of the pepper-com (eenis to 
‘oonfiii of (larch, chiefly united to the oil of pepper. When a 

pepper- 
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pepper*corn is cut in two, we find it coispofed of two ooRts^ 
The oulermoft brown (hrivelled coat is eafily feparated by 
ileeping (he pepper in water. The fecond coat is much 
thinner and lighter coloured ; it does not feparate by macer-< 
ation. Beneath (his coat is a thick zone of pale green mal^ 
ter, apparently flarch united to oil. This is fucceeded by a 
thin yellow zone, feemingly of nearly the fame compofition. 
Within this is a fmall fpherical fpace, fometimes hollow, but 
moft commonly filled with a foft white fubflance like the pith 
of trees. All the zones have the peppery tafte. The outer 
coat has the flavour, but little of the heat of pepper. 


III. 


Zd/er from the Abbe Buee on Mr, Rome^ de Lisle’s and 
the Abbs Hauy’s Theories of Cryftallo^rfiphy, 

(Concluded from p. 39.) 

Synthesis u grounded, as I mentioned, on the fad, that 

all w'ell formed cry Hals are terminated by plain furface<«. 
Primitive forms: Since there exift primitive forms, there mufl alfo be fecond- 
ary forms, for the one fuppofes the exiflence of the other. 
The fecondary forms are fuch, that fedions can be made only 
parallel to the tides of the primitive ; and w'hen the primitive 
has been produced by thefe fcdions, the divifion being conti* 
nued the integrant particles are obtained. 

The mineralogical analyfis defccnds from the fecondary to 
the primitive form,, and from the latter to the integrant par- 
ticle; juft fothe mineralogical fy nthvtis afcends from the inte- 
grant particle to the primitive, and from thence to the fecond- 
ary forms. A crytialline edifice is therefore raifed by mt ans of 
the integrant particles. What are the laws of this extraordi- 
nary architedure ? By laws I mean the difpofilion of the lai 
minac, not the means employed by nature to execute the 
curious tirudure. 

Laws muti exifi, ifi, for the formation of the primitive, 
and 2dly, for the confirudion of the fecondary form. "Lhe 
primitives are either fimilar to their integrant particles, or 
they are not. If they arfe not, their forms mufl be parallelop'i- 

pedons, * 


Secondary. 
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pedqps and their laws of formation very fimple; for there Laws of the 
will be the fame number of integrant particles in each row, 
there are rows in each lamina, as there are lamina; in the pri- theory thence 
mitive form. It is eafy to conceive that all the joints perfectly *'®f“****I* 
coincide with each other, and form continued planes ; neither 
will there be any vacuity left between the particles. If tl;© 
primitive be not fimilar to the integrant particle, then the (tnr- 
plicity of the former cafe difappears. 1 have already Hated 
that there are three forms of integrant particles; the telra- 
edron, the triangular prifm, and the parallelopipedon. There 
are alfb fix primitive forms ; the parallelopipedon, the o^ae- 
dron, the tetraeJrfm, the regular hexaedral prifm» the dode- 
caedron bounded by rhombs all equal and fimilar, and the 
dodecaedron with triangular tides and formed by two right 
pyramids united bale to bafe. Of thefe fix primitive forms ^ 
there are only the parallelopipedon and the regular hexaedral 
prifm that can exactly (ill up a fpace without leaving any va- 
cuity. The integrant particles of the former are parallelopt^ 
pedons ; of the latter, triangular prifms. As to the other four 
primitive formsi their integrant iparticles are tetraedrons. The 
dodecaedron bounded by rhombs is produced by twenty-four 
fimilar tetraedrons without any vacuity between them ; the 
odlaedron and tetracilron are formed by tetraedrons leaving 
oftaedral vacuities ; and the dodecaedron bounded by tri- 
angles, to be formed of tetraedrons, muft imply fediions pa- 
rallel to more than fix planes; which perfedlly coincides with 
obfervation. 

Thefe vacuities, whofe exiHcnce mud be admitted in the 
integrant particles, as well as between ibofe particles when 
forming a primitive, give rife to the following* refledtions : 

When the elements of a fubflance are chemically combined^ 
that fubflance is homogeneous. Let us fuppofe a cry flat of 
fuch ctfubflance to be fubdivided into fmall parallelopipedons 
equal and fimilar ; as the fubdance is homogeneous, and thelb 
little parallelopipedons having no vacuities between them, it 
is evident the elements that compofe them ar6 equal in number 
and proportion. We will next fuppofe the crydals of this fub- 
dance can be divided by fedlions parallel to dx planes. In 
that fuppofition, nineteen or twenty different fpecies of pa- 
rallelopipedons can be produced. Among thefe fpecies feme 
v^ill be fimilar, others not ; but none of the fpecies will be ex- 
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uQly parallel to oach other. We will proceed on two tjmilat 
cryflalfi of the fame fubftance and equal in foJidilyj dividing 
the firll into one fpeciesf the other into a different fpecies, of 
paratlelopipedons, equal in folidity but not in furface ; and let 
the divifion of each be pufhed to its lait term. But as we are 
come by fmooth feftions to paraUelopjpedons of different fpe* 
cies, thofe fedlions have alfo produced their differences : but 
by fuppofition thcfe parallelopipedons are the refult of the laft 
poflihle term of divifion without deflroying the chemical com- 
pofition^ and being equal in folidity, though not in furface, 
they cannot contain each other ; therefore if tlieir differences 
are not int^rant parts of botii, tiiefe differences muff ceafe to 
be homogeneous, and we come to a fort of chemical decom- 
pofition. It is true we cannot execute this excefffve divifion, 
but we can form a very corred idea of it. Jf the little paral- 
lelopipedons contain two forts of elements, their differences 
will alfo, but alfo in different proportions ; and, fir, if you 
will turn to Berthollet*s Beftarcites on the Laws of AJfnities, 
you will fee him in all his experiments proving, that however 
perfedly a chemical decompqfition may have been made, the 
irefults will always contain a certain portion of thofe fubffances 
from which it was the objedt of the operation to feparate them. 
If tbefe r^fledions. Sir, are well grounded, do they not give 
us hopes, and perhaps fliow the poffibility, of defcending from 
the integrant particles to the conffituent particles ? This fe- 
cond rei'earcb is of the fame nature as tiie firff. It is more 
than probable that the conffituent particles themfelves are di- 
vifible, having no determined figure, but are aggregations, 
fubjcd to the fame laws as the integrant particles. The object 
of the natural ^pbi^ofopber is not to difeover the forms of the 
ultimale particles, but to determine their refpedlive pofitions; 
which, iV ever they could be determined in the integrant par- 
ticles and their component parts, the grand problem ofr^hemi- 
cal affinities would be fully foived ; and fliould fuch ever be 
the cafe, to the Abb^ Hally's theory would be due the merit* 
The Lncyclopisdia Britunmea, under the article CJiemfJlry, in 
the Supplement, p. 396, fays ; 

“ This theory, to fay no more of it, is, in point of inge- 
nuity, inferior to few ; and the mathematical ikill and induffry 
of iU author are entitled to the greatefl applaufe. 


But 
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^ But what we confider as the inoft imporlant part of thatl*sws of tlw 
phUofopher’s labours, is the method which they point oOt 0 ^ci 7 ftiU^”aa 4 
difcovering the figure of tlie integrant particles oF cr^flals (theory meii0. 
becsaufe it may pave the way for calculating the afhnilies 
bodies* which is certainly by far the mod important part of 
chemiftry. This part of the fubjed, therefore, deferves to 
be inveftigated with the greateft care," 

But 1 return to the point whence this digreffion carried me, 
to the vacuities left between the integrant particles in the con^i*. 
flru^ion oF a primitive form. The Abbt^ confiders them at 
filled either by the water of cryfiallization or by fome. other 
fubfiance. It is not an admifiible fuppofitlon that this other 
fubfiance is compofed of the faUie elements as the integrant 
particles, but in different proportions? At jeaft* fuch is the 
conclufion I (liould be tempted to draw after reading BerthoU 
iefs excellent Refearches on Affinities. 

1 fliall now proceed to the laws of formation in fecondary 
cryflals. It 7s eafy to deduce them from thefe two fads : viz. 

1 fl. That the fides of the fecondary cryfials are planes ; 2dly» 

That they divide by fmooth fedions parallel to the fides of 
their primitive form. ^ ’ 

Let us take a rhomboid of carbonate of lime for example. 

If on one of the fides of the rhomboid 1 wlfiied to raife a 
pyramid, 1 fiiould lay laminse of rbomboidal particles upon 
each other. Thefe laminae would decreafe in furface until 
the lafi is reduced tq a fingle rhomboid. Thus the fecond 
lamina contains fewer particles than the firifi, the third fewer 
than the fecond, and Fo on. As the faces of thefe pyramids 
are always to be planes, the fucceffive decinpents of the la* 
minae mud be equal ; that is to fay, the fpeond lamina is lefs 
by one range in every diredion than the* and the third 
than the fecond, &c« If the decrement is more rapid s that 
is to^ay, if two or three ranges are fubtraded in the fecond 
lamina, the lame number will be fubtraded from the third, 
and fo on fucceffively till tjie pyramid is completed. As the 
fedions are to be fmooth* the joints mufi form one continued 
plane; therefore the ranges and even the particles at the 
joints mufi not encroach ou each other : hence it follows that 
ih^ immifr of range* JUcceJiXfefy JhbiraUed ftvm each lamina can 
never be incwnmenjltrable ; that is to lay, the decrement may 
te l| 2, 4* &c.; but never v^2, &c. 

Vql, IX. — October, 1804. G 
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Thefe are the decrements parallel to the edges, or, the 
Abbd calls them, decrementi an the edges. But they may 
take place in a parallel with the diagonal of the faces of the 
primitive ; they are then called decrements on the angles, be* 
caufe the diagonals are drawn from one angle to the oppoiite 
angle* This fecond fpecies of decrement follows the fame 
laws as the firft. 

• There is a third fpecies, called by our author intermediate 
decrements. In this cafe they are neither parallel to the edges 
nor to the diagonals of the faces, but to intermediate lines, 
which if prolonged would interfedl both the edges and dia- 
gonals, but otherwife they follow the fame laws as the two 
firfl. It is a general law, theretbre, that in all cafes the lamina 
degreajh in arithmetical progr^ion, and its ratio or the numbtr 
qf ranges JUbira&ed is always ctmvtntnf arable. 

The particles of which the laminae are compofed are to be 
coniidered as parallelopipedons ; not that the integrant par- 
ticles always have this figure; but if they have it nof| they 
niofl leave vacuities between them, and each vacuity being 
added to its correfponding particle, will complete the paral- 
lelopipedon. If this was not t^ie cafe, the faces of the fecond- 
ary cryflals would not be planes, nor could they be fplit 
fmoothly in any diredlion. Thefe little parallelopipedons 
which coropofe the fubtra6ted ranges are what 1 called above, 
after our author, fubtraStive particles, 

I fuppofed the conftru^ion of the fecondary form only to 
take place on one of the faces of the rhomboid ; but what was 
faid relative to that face is applicable to all the others. It is 
alfo to be remarked that different laws of decrement may affect 
the different face%; even further, different laws may fuccef- 
lively affed the fam'e face. Hence a diverfity of forms arife 
fcarcely credible to a perfon unacquainted with tbe doflrine of 
combinations. The Abb^ Haiiy has calculated, thai con- 
,fining oiie’s-felf to decrements by 1, 2, 3, or 4 ranges, and 
not taking intermediate or mixt decrements info account, (be 
rhomboid is capable of 8,324,604 varieties of cryflalline forms. 
It is an important remark, that whatever may be the variety 
of form, the forms (in complete cryflals) will always be fym- 
snetrical. There are two forts of fyrametry, the perfedt and 
imperfea. In the perfea, the right is fymraetrical with the 
left, and the top with the bottom ; but in the imperfea, Ihfe 

top 
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top is not fymmetncal with the bottom. This latter fpecies of of the 
fymmelr^r appears, by general obfervation, to be exclufirely 
appropriated to cryflals (hat become electrical by heat; that theory thenc# 
is to fay, which being expofed to the heat of the fire, or 
plunged into hot water, acquire the eleCtric power. Thefe 
cryAals, the tourmaline, for example, acquire a pofitive elec- 
tricity on one tide, while on the fide diametrically oppofite 
their eleCtricity becomes negative; and all obfervations hi- 
therto made give us reafon to conclude that thefe fides are 
never iymmetrical, and are always produced by different or 
fewer laws of decrement. '' Hence," fays the AbbC, “ by 
mere infpedlion it is eafy to point out which is the fide that 
will give the pofitive and which the negative elediricity." 

(V«»I. i. p, 237.) 

The aftonifliing variety in the cryflalline forms leads us 
naturally to atk, What can be the caufe of this variety ? This 
quefiion has not been treated by the AbbC : allow me. Sir, 
to fubmit a fSw ideas on the fubjeCl for the opinion of mathe- 
maticians. 

Firfl caufes, 1 repeat, arc not the objeCi of this difcuflion. 

I ftate the quefiion thus : Why does the fame fubjeCt cryftal- 
lize in fuch a variety of forms, always fymmetrical and always 
terminated by planes? ' 

Ti)e folution of this quefiion Teems to require three condi- 
tions: Ul, That the particles of the fubfiance diflblved in the 
fluid all leave the fiate of refl at the fame infiant, to form the 
cryflal by their aggregation : 2dly, That, while thefe particles 
are in the aCt of dtawjng near to each other, no foreign power 
Iball imprint on them any other motion than a common motion, 
whether it be in a flraight line, or rotary rpuncj their common 
centre of gravity : 3dly, That the particles all arrive at the 
fiate of red at the fame infiant, which takes placewvhen the 
aCt ol^ cry flail ization is finifhed. The fecoiid condition is ne« 
cetfary, and infers the lirfl and third* The natural confe- 
quence of thefe conditions will be, that the aggregation of the* 
particles will only take place conformably to a law aCling 
equally on all of them, whatever may be the law. 

Since they all leave the (late of reft at the fame inflant. they 
are in equilibrio previous to that inflant. Since they all arrive 
. at the, fiate of reft at the fame inflant, they are in equilibrio 
after that inflant : but when particles that are aCted upon by 

G 2 no 
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no other force than that which they exercife on each 
are in equilibrio, they are in the clofeft poffible union that 
^ concomitant circumfiances will permit. If the particles were 
in equilibrio previous to their leaving the ftate of reft, fome- 
thing moft have obftrudted their approach. Let us fuppofe 
(hat Jbmething to be the interpofition of another fubftance, and 
that fo long as the interpofition remains equilibrium is mainp 
tained. But this can only be the cafe, in as much as the whole 
of the particles of the interpofed fubftance are in equilibrio 
with (he whole of the particles difiblved and about to leave the 
ftate of refty which in the future I (hall call the proper particles. 
If by any caufe which adls uniformly on the whole furface of 
dilTolving fluid any of the interpofed particles are fub- 
Iradted, the proper particles muft ceafe to be in equilibrio. A 
ftep toward aggregation will immediately take place, and the 
equilibrium will be reftored. A further fubtradion will pro- 
duce a further ftep toward aggregation, and a confequent 
equilibrium; and thefe operations will be repeated fo long as 
the caufe of fubtra6lion continues, and the longer its duration 
(he larger will be the refulting^cryftalline roafs. If the above 
mode of reafoning be admitted, it will fuflice to apply the 
laws of equilibrium to deduce the laws of cryftalline forms. 
The laws of equilibrium to which 1 allude, are thofe of the 
equilibrium of fluids, with certain modifications which ihail 
hereafter be explained* According to ihefe laws, that the 
preceding conditions may take place in the formation of a 
cryftal, it will be neceffary that they take place in the forma- 
tion of each and every part of it, wiiatever may be the figure 
or the fmallncfs of thofe parts. They muft alfo take place in 
thofe laft cryftal^ w|;iich contain the lead poffible number of 
particles; and as thefe particles are in equilibrio, and in the 
greateft j^ffiblc ftate of proximity to each other which cir- 
cumftances will permit, it muft follow, to fulfil all thec*ondi- 
tiohs, that thefe particles form a fymmetrical polySdron. This 
peculiar dtfpofition of the cryftalline particles conftitiites the 
modification, to which I alluded, in the laws of the equili- 
brium of fluids ; it being necelfary in this cafe to take the num - 
ber of cryilalline particles into account, which is not the cafe 
when tilting of the particle^ of a fluid. In a fluid, the par- 
ticles aiid their reciprocal diftances are fuppofed infinitely 
fmall ; but the cryftalline particles and their diftances to each 

other * 
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oftor muft be fuppofed finite. This material diSerenoo will Law» of ih« 
xieeeifiiriJy .Gaafe a diflference between the forms of their a^e* cry£llj*2iid 
fates. Thofe formed with the particles of a fluid will be thcoiy dmwe 
tbounded by curved lines | the cryfialline aggregates^ on 
conlraryt will be terminated by firaight lines ; and when thefe 
■^ftraight lines are not too fmall, the boundaries will be fen^bly 
redli linear. 

To afcertain what the power is that holds the particles in 
the flate of refit though not in clofe contadt, is not the quef- 
tion ; but the form of the pol^edrons which they produce^ 

The clofer adhefion of the particles to be obtained by the fub- 
tradlion of caloric, fufiiciently demonflrates that the particles 
are not in clofe contadt with each other, and the conflancy of 
the cryffalline forms equally proves that they are in equilibrio. 

We will now proceed to the conflrudiion of a cryfial with 
thefe cry flail ine particles. That the conflancy of the*form in 
the large cryfial be preferved, the particles mufl be in equi- 
librio. Thaf the equilibrium be prefervedi the forces that fo- 
licit the particles to motion mufl mutually deflroy each other. 

That the mutual deilrudlion of thofe forces be effedled, thefe 
forces after having been decompofed into other relatively pa- 
rallel to three axes perpendicular to each other, and having a 
common point of interfedlion, mufl each meet in its diredion 
another force equal and diametrically oppofed to it. This will 
be obtained if the fimilar particles are arranged on firaight 
lines parallel two and two at equal oppofite diflances from the 
common centre, and bifedled by lines palling through that 
centre ; but if the particles are thus arranged, they mufl pro- 
duce fymmetrical folids bounded by planes; and they are thus 
arranged : for if a foreign force, an excejs of caloric for ex- 
ample, does not impede the free arrangement of the particles 
in the formation of the cryfial, their exterior difpefition will 
follovK as much as poffible their interior arrangement ; but their 
interior arrangement mufl be on firaight lines, or the cryfial 
would ceafe to be iiomogeneous ; their exterior difpofition 
will therefore be on firaight lines. 

As the circumflances giving rife to the approach of the par- 
ticles may be in the highefl degree variable, it mufl follow 
that the forms produced may be diverfified in the extreme. 

Such, Sir, is the anfwer I fliould fubmit for the folution of 
the queflion propofed. 
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When fpeaking of the approach of the proper particles, I 
faid that it might be occafioned by the fubtradion of certain 
interpofed particles which ob(lru6led the approach of the pro- 
per particles. The former are generally water, caloric, or 
any fluid elafiic or not. Their exit may perhaps make place 
for others, fuch a^ light, eledlricity, 8rc. &c. But the efTen- 
tial point is, that whatever thefe particles may be, they are 
in perfcdt equilibrio with the proper particlesi otberwife they 
would become perturbing forces* Hence it follows, that not 
only the integrant particles of the cr)'(ial, but all thofe that 
are mixed with them, the chemical or component particles 
and even the vacuities, mufl follow the fame laws. It alfb 
follows, that if each fpecies of particle (even the chemical) 
that enters into the formation of the cryfial be feparately con- 
lidered, each fpecies will have its diflinfl fymmetrical and 
pol^CNltal term. The forms will penetrate each other, while 
the particles will not only not penetrate, but not even touch 
each other. All forms would fiand in the fam€ predicament 
as the regular odlaedron, which contains, as the Abb^ Haiiy 
has demonifrated, fix regular o6laedrbn8 and eight regular 
tetraedrons, each tetraedron* containing one o^taedron and 
four tetraedrons. It will further follow, if the chemical ele- 
ments can be looked upon as particles which are not in con- 
tad with each other, that we may from thence mathematically 
determine chemical affinities. 

I have now. Sir, but one tafk left ; to fpeak of the appli- 
cation our author has made of algebra and geometry to cryf- 
lallography. Many perfons complain of the difficulty necef- 
farily refulting from it in the Hudy of mineralogy ; and dare 
not engage in it, uncertain whether they will find a Compen- 
fation for their frouble. Our author has therefore adopted a 
double plan, and begins by expofing his theory by a feries of 
reafonings and arguments which will fuffice to make the jgeader 
underfland it, or any difeoveries made in confequence of ir. 
He then expofes the theory in the mod correct of all languages 
— mathematical analyfis ; by far the mod intereding, and the 
only means of making difeoveries one’s-felf : and who can be 
callous to the pleafure of difeovering an unknown truth ? If 
the folution of a problem gives fo much fatisfaction, though 
the data be only imaginary, what mud be the fenfations of 
thofe vt'bo are happy enough to folve problems whofe data ar^ 

fet 
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fet by Him whom the greatefi of pagan philofophersi calls 

Eternal Geometrician ? This recalls refledtions to my 

which I cannot fupprefs. Converiing one day with the Abbd theory theace 

Hally, he was taking a curfory view of all the modern 

veries ; when he could not help remarking, that there was 

not one of them but what furnifhed vidtorious arms to the 

caufe of religion. My anfwer was, that in future the name 

of God would be as diflinftly written on a cryflal as It had 

hitherto been in the heavens. The obfervation of this mofl 

religious and ingenious man reminds me of the faying of lord 

Bacon : ** A little philofophy eftranges us from religion, but 

a great deal reclaims us again.^’ Even d^Alemberl could not 

help faying, " An atheift in, the Cartefian fydem is a philo-> 

fopher midaken in the principles; but an atheift in the New- 

tonian fyflem is fomuthing worfe, an inconfequent philofo- 

pher.*' 

But to return to the mathematical part of our author’s the- 
ory : the bra^c’h of mathematics, and the manner in which he 
(reals it, are almofl new. The theory of polylkirons had been 
nearly negledted by geometers, both on account of the diffi- 
culty to reprefent a polxedron^on a plane, and becaufe they 
did not feel the utility of the purfuit. Nevertbelefs, flrange 
to fay, all the regular figures that are to be found in one of 
the three kingdoms of nature are polyedrons. In this point of 
view, the branch of mathematics illuflrated by the Abbd be- 
comes very interefling ; and it is not a little fo, to fee with 
what ingenuity he extricates himfelf from the difficulties 
he meets with in his refearches. He forms all the poI}edrons 9 
however complicated, of little equal rhomboids or parallelo- 
pipedohs, and by that means he reduces tl\e theories of every 
poflibls polylfdron to that of the rhomboid', wTiich is extremely 
fimplihed by two very fimple remarks: Iff, That in all equi- 
lateral rhomboids, whatever may be the fpecies, their projec- 
tion on a plane perpendicular to their axes will always be a 
regular hexagon : 2cily, That the axes will always be trifeded 
by perpendiculars drawn from all the lateral folid angles. 

His theory has alio led him to difqover in a variety of cry dais 
geometrical properties, which mud be highly gratifying to 
geometers. But the great advantage to be derived from it is, 
that il enables ut with the fewed poffible data to calculate 
4liQ crydalline forms juft as aftronomers do the motions of the 

heavens. 
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Law8«f the heaVeAs. By thfe very ttieans by which the latter determine 
^y(^^an4 futlire motions of the heisvens, the Abb^ decides jwhich 

theory thcQCQ forms are poffible and which are impoflible. It is thus by his 
relulting, Ample &Ad general law of cryAalliaation, the number of the 
ranges of the fubtradtivc particles mull always be a commen- 
(arable quantity/* that he has demontlrated the regular dode- 
C’alSdron and the regular icofaedron to be impoliible forms in 
mineralogy. As the immortal Newton, by having difeovered 
the law of attraction to be ** in the inverfe ratio of the fquares 
of the diftances,'^ explained and calculated every thing in the 
vaft regions of the firmament ; fo at the other extremity of the 
Creation the Abbe Hatiy, by means of a fingle law which he 
has difeovered, explains the irregularities and calculates thofe 
problematic formations with which the mineral kingdom had 
hitherto aftonUtied the natural philofophcr. 

Laws, Sir, that refult from the (ludy of naturoi enjoy this 
inedimable advantage, that they always lead to equations; and 
it is only by the help of equations (expreffed or underdood) 
that quedions can be folved which relate to objects that can 
be either counted or meafured.^ 

Of late, Sir, the word nature has been fo much abufed^ 
that I mull beg leave to ftate the precife fenfe in which I wifli 
to be underdood whenever I made life of that word in the 
Courfe of this letter. The Abbd Haiiy found it necelTary to 
take ^ (imilar precaution at the beginning of the excellent 
work (TraiU de Phr^ique) he has lately publiflied. He fays : 
** This word Natvke, fo frequently in our mouths, can only 
be looked upon as an abridged cxpreffion, either for the refult 
of thofe laws which the Cheat Creator has imprinted on 
the univerfe, or for that aggregate of beings the works of his 
hands. Nature, thus view^ed in its true light, is no longer a 
fubjedt of cold and fterile fpeculation. The dudy of its pro- 
dudtibns, of its phaenomena, ceafes to be a mere exererfe of 
the mind ; it n^oves the heart, and drengthens the moral vir- 
tues in man, by awakening in his mind fentiments of refpedl 
Und admiration at the fight of fo many wonders bearing the 
Vifible charadlers of infinite power and wifdom.'^ 

\yith thefe feniimdnts i remain. Sir, your’s, 

A, Q. BUEE. 

Jufy 13, iSD-L 
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IV. 

Ohfirvationt on Mr, Gough’s Stri&urtt on the Dodlrineef 
Mixed Gajct, ifc. Jn a Letter from Mr. J. Daltoh. 

To Mr. NICHOLSON. 

SIR, 

From the formidable manner in which Mr. Gough opens IntrodudYion, 
the campaign, I miglit expedt him to bring a hoft of JuAm 
and avgnmxnta to his alTi fiance ; the fafts^ liowever, he pru- 
dently keeps in referve, and it is to be feared feveral of the 
argufnents too, as thofe already drawn out are fcarcely of 
force fufficient to provoke refittancc. 

Mr. Gough’s firfi argument is, that the fubjedt in difpute 
is more properly denominated hypothejis than theory. This 
is certainly not worth contending about. 

Mr. Gougfi’s next argument is, that the hypotheiis is not 
mechanical; but as this cannot be made good, it feems, 
without a gconietriccil diiquifitjon of length much exceeding 
an ordinary letter, the philofophical world are to wait till 
the fame thall appear in due courfe. I might therefore, for 
the prefent, wave any remarks on this head, as a long and 
ecjually abilrufe defence might be expedled. But as I think Whether the 
geometry has nothing to do in the bulinefs, and that all that 
can be faid efrcdlually, either for or againft the hypotbefis, 
being confiftent with mechanical principles, may be com- 
prized in one fliort paragraph, 1 (hall difeufs the argument 
here. 

Oxigen repels oxigen, but not azote,:* This is a poflula- Populate. The 
turn ; and being admitted, it follows, that if a meafure fcp^i each SLr 
oxigcMi be put to one of azote, the oxigen finding it porous, but not ihoft of 
iim!l vnter the pores, and vice verfa, till the two gafes feve- other gales, 
rally making their way into the interftices of the other, at 
luff obtain a |>erfecl equilibrium, and then prefs with equal 
force on all the furrounding bodies, and no longer prefs on 
each other. Tliis is fo plain and obvious an inference, and 
fo little involves any mechanical confideration, that 1 fhould 
have juftly incurred blame for infulting my readers with the 
appearance of mathematical demon Aration in the cafe. Aa 
might I have attempted, ftom the elements of Euclid, 

to 
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to demonflrate to a cottager, that if he put a fieve over his 
chimney the fmoke would flill efcape, though interruptedly ; 
or to a chemift, that if he drilled holes in an exhaufted re- 
ceiver, it would in time be completely filled with air. 
Orttheaftionof Mr. Gough next remarks upon my opinion, that the at- 
mofphere of aqueous vapour is fufficient to prevent the ocean 
from efcaping into the air, which he feems to think wonder- 
ful : Upon this I may remind him of another wonderful fa^, 
which I confider the fame in effect ; that is, the preflure of 
like vapour on a cup of water in an exhaufied receiver, pre- 
vents the water from efcaping out of the cup. When Mr. 
Gough fiiall explain how this fa6t is to be accounted for, 1 
may avail myfelf of his explanation to apply to the other. 
He proceeds, however, to demonftrate the impollibility of 
an aqueous atmofphere ; but inftead of that, he demonfirates 
the impoffibUiLy of an atmojphere of any kind prejpng on xvatCTf 
without at thi: fame time forcing the water up into its pores. 
Luckily, as Mr. Gough obferves, the fa6ls do* not counte- 
nance the conclufion ; and therefore, however rigid the de- 
monftraiioni it (hews that the previous data are not correctly 
afiumed. The confidcration of this fubjedt is, notwithftand- 
ing, an important one ; it is more than a year fince 1 urged 
Mr. Gough tp pay attention to it, ^nd to attempt a folution 
of the difficulty .which perplexes all theories of the atmo- 
fphere alike : 1 did it the rather, bccaufe I thought him well 
qualified for a fubjedl of this nature, where the aid of ma- 
thematical fcience mud be of fubfervience. Tlie fubjedt 
has never been at all explained that 1 know of. 1 have 
made an attempt which has not yet been publiflied, except 
in a ledlure lad winter ; but I (hall dill be glad to avail my- 
More particular felf of any alfidance I can obtain. Suppofing that in the 
ftatementof dratum of an atmofphere incumbent on water, there 

lion.* ^ particle of gas for one hundred of water, (whic^ may 

be the cafe, confidering their relative denfities as one to a 
ttioufand) ; query. How does the air diffufe its pretfure over 
all the hundred particles equally, in fuch fort that no co- 
lumn of particles of water is forced up into the interdices of 
the atmofphere by the inequality of the preflure ? If Mr. 
Gough will explain this, either for his new theory or for 
any other, I wdll engage to remove all difficulty on tliis 
^ head which attaches to my hypolhefis. ^ « 
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Mr. Gough next wants a rigorous proof of the propofitioOf Impedime&ti af« 
that one gas afTords an impediment to the motion of another^ dfffdld?* 
but that two fuch fluids hnally overcome their mutual ob- of mother. 
flru6li(i)ns, and occupy the fame fpace in a flate of perfedl 
independence. No oniq acquainted with the experimental 
part of pneumatic cheniiftry would have required proofs of 
fuch fa£ts» becaufe he daily experiences them. Take two 
phials filled with different gafes ; apply the mouth of one to 
that of the other for a few moments ; upon withdrawing it» 
the two phials will be found to have interchanged very little 
of their coni en is. This is a mod unqucdionable proof that 
gafes afford impediment to each other’s molion ; for, into a 
perfect vacuum the air ruflies inilantaneoufly. Again^ let 
the phials remain in connexion for a few minutes, or at 
mod, hours, and they will be found to have both gafes in 
the fame proportion ; and this daie will continue in perpe^ 
luity afterwards. That they are ultimately independent on 
each other, il fudiciently marked by the circumdance, that 
any fubdance having an affinity for one of them will with- 
draw it from the mixture, if it^^will take it alone. 

Mr. Gough proceeds to give a new thtory qf mixed gafes : Mr. Gough't 
At tlie commencement of this controverfy he came forth tQ theory of 

dcfetid the all-fulhciency of the old do^lrine of the chemical ***'** 
union of water and air, and the homogenity of the atmo- 
fphere, and to attack the new doililrine, which proferibes 
chemical union in thefe indances, and places for its funda- 
mental and didingiiifhing maxim, that ** mixed gafes nei- 
ther attrad nor repel one another It v\as therefore with 
no fmall furprife that 1 found, upon his advances, that a 
new theory was dill requifite; but this furpsifj became ado- 
nidiincnt, when I found the preamble admitted Uieexidence 
of certain, gafes that neither attract nor repel eacli other.” 

The o^y clear information I could obtain from this fudden 
revolulion was, that Mr. Gough ufes the terms Meory and 
hypot/iijis in a contrary fenfe to what philofophers in general 
do. When I brought my hypothefis (as he calls it) forward, 
it was fupported by an extenfive train of fa6ls, the refult of 
long and careful invedigation, none of which, that 1 know 
of, has iince been controverted ; I mean what Mr. Gough 
alludes to as a number of probabilities of an experimental 
naiture:” Whereas Mr. Gough's theory is propofed without 
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a iingte &A to corroborate it, merely to try how far it may 
be found tb agree with fa^s already known. Leaving Mr. 
Gough to deveIo{>e his theory, which I confefs I do not 
comprehend, and therefore cannot follow him in the appli- 
cation, 1 {MTOceed to his concluding remarks on the law of 
affinity, which connedls water with the different gafes. 

Water fufpended Sauflure, to wkom Mr. Gough refers, in the ninth chapter 
in alfgafcs fecond effay inflru6ts us, that the fohtnt powers of 

common air, carbonic acid, and hydrogen, are the fame as 
far as his experience go^s. The refults of Kirwan^s expe- 
riments I am unacquainted with. Clement and Deforme, 
in the forty-fecond volume of the Annulesde ChimiefoT 1802, 
have clearly (liewn, that all gafes take up the fame quan- 
tities of water, alcohol, and ether, in like circumdanOes ; 
and I think 1 have fliewn, that thefe quantities are precifely 
the fame as a torricelliam vacuum of the fame capacity takes 
up: So that unlcfs Mr. Gough can hold out fome further 
encouragement to the refumption of the enquiry, it feems 
liardly likely that any one will undertake to invedigate the 
diverfities in the law of afi^nity between gafes and water, 
when iliere docs not appear a tingle fad that points out any 
affinity at all in the cafe. 

I am your's, &c. 


Manchefter, Sept, 8, 1804. 


J. DALTON. 


V. 


Account of the^Striking Part of an Eight-Day Clock, By Mr, 
John Prior, of NefsjiM, Yorkjhire, Communicated to 
the Society of Arts, ♦ 


To CHARLES TAYLOR. 

SIR, 


New ftrilcing 
part of a clock. 


1 HAVE taken the liberty of fending to you a new ftriking- 
part for an eight-day clock, of my own invention and work- 
mantbip, winch I linitlied laft April; ***■«»**, I beg 


* Extraded from their Tran faflions, 1803. A reward of thirty 
guineas was given by the Society, wlu> have a model of the fame. 

leave 
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to inform the Society of fbme of the advantages New ftriklnip 
arifmg from this new invention. part of • oio^ 

Firft, it confifts in a wheel and fly, with fix turns of 4 
fpiral line, cut upon the wheel, for the purpofe of counting 
the hours. The pins below this fpiral elevate the hammer, 
and thofe above are for the ufe of the detent. 

This Angle wheel ferves the purpofe of. count wheel, pin 
wheel, detent wheel, and the fly wheel, and has fix revo« 
lulioiis in ftriking the twelve hours. 

Permit me to fuppofe a train of wheels and pinions, iifed 
in other firiking parts, to be made without error, and that 
the wheels and pinions would turn each other without (hake 
or play. Allowing the above fuppofition to be true,' which 
every mechanic knows it is not, my firiking part will be 
found (lx times fuperior to others, in firiking the hours 
1, 2, ,5, 7, 10, 11, and twelve times, in firiking 4, 6, 8, 
and eighteen l^jmes, in fii iking 8, 9, and 12. 

1 have deiignedly made a defed in the model herewith 
fenl, in firiking 2 and 3 o’clock, to (hew that what I have 
now advanced will, upon the trial, be found to be true. 

.In firiking 2, 1 have purpofely made an imperfection, 
equal to the fpace of three teeth of the wheel; and, in 
firiking 3, an imperfeClion of nine or ten teeth ; and yet 
both thefe hours are firuck pcrfeClIy correct. 

The flys in clocks turn round, at a mean, about (ixty times 
for every knock of the hammer, but mine turns round only 
three times for the fame purpofe ; and fuppofe the pivoU 
were of equal diameters, the influence of oil on them would 
be as the, number of revolutions in each. * 

It would be better for clocks if they gfive?*no warning at 
all, but the fimil-piece to raife a weight fomewhaJt fimilar 
to the model now fent for the infpe^tion of your refpe^table 
Societj*. 

R^erence ro ilfr. Prior’s Striking Part of hU Clock. 

Plate VI. Fig. 1. 

A. The large wheel, on the face of w'hich are funk or cut 
the fix turns of a fpiral. 

B. The (ingle worm ferew, which acts on the above wheel, 
and moves the fly C • 

^ ♦ 5ec Cummings's Elements. 

JJ* 
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New ilriking D. The fpiral work of the wheel A. TTie black fpots 
part of aclook. grooves into which the detents drop, on ftriking 

the hour. 

£. The groove into which the locking piece F drops, 
when it (irikes one, and from which place it proceeds to 
the outward parts of the fpiral in the progreflive hours, be-* 
ing thrown out by a liftlng-piece H, at each hour; the 
upper detent G being pumped off with the locking-piece F, 
from the pins in the wheel A. 

In flriking the hour of twelve, the locking-piece, having 
arrived at the outer fpiral at H, rifes up an inclined plane, 
and drops by its own weight to the inner circle, in which 
the hour one is to be ftruck, and proceeds on in a progreiiive 
motion through the different hours till it comes again to 
twelve. 

I. The hammer-work made in the common way, which 
is worked by thirteen pins, on the face of thq, fpiral. 

Fig. 2.— K. The thirteen pins on the face of the fpiral, 
which work the hammer-work. 

L. The outer pins, which lock the detent. 

M. The pump-fpring to .the detent. 
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On the Cojl of making Phnjp/iorus. In a Letter from J. P. 


To Mr. NICHOLSON. 


SIR, 


, Briftol, September i6, 1804. 

Havjng lately been led to conlider the various procefles 
by which phofphorus might be obtained, with a view to deter- 
mine the moll eligible, 1 thought that a very (hort ii.etch of 
what had occurred to me on the fubjedt, might be not im« 
properly introduced in a fpare corner of your Journal; if you 
Hiould be of that opinion, the contents of the following pages ' 
are much at your fervice, from a very refpeflful admirer of 
your unremitting exertions in the caufe of Science and Philo* 
fophy. 

J.p. 

c 

1.1b 



PURlFICAtlON OF WATER* 

1 . Jn the ufual method of procuring phofphorus from bone- 

dufl, and fulphuric acid, the value of the ingredients is very Snin^phofpho- 
finall, the labour of the procefs, with the fuel employed for rus from bones, 
tlie evaporation and di/lillation form the principal confideration js.pero*. 
in eftiinating the value of the product. 

One pound of bones calcined and pulverized with half a 
pound of fulphuric acid, will produce, according to Fburcroy, 
about three quarters of an ounce of phofphorus ; if the labour 
and fuel be edimated at two (liillings, and it cannot be pro- 
bably much lefs, the phofphorus would then cod the manufac- 
turer about three (hillings an ounce. 

2. If to the acid folution obtained by the above method be The additional 
added 1 Jib. of acelite of lead, value three diillings, ibe phof- 

phate ot lime will be decompofed, and two ounces of phof- aceiitc of lead, 
phorus fliould be produced from the precipitate,, ('r/t/c Four- ®beap- 
croy.) This appears then to be an improvement, fince J Joz. 
of phofphorus procured fur three Aiillings. But perhaps the 
followinjipprocers may be preferable to either. 

3. To one pound of phofpliate of (bda, value two dullings The procefs of 
and fix-pence, add 1 Jib. of aceflte of lead, value three diil- ‘^J^oinpoling 
lings; above one pound of phosphate of lead will be immedi- by ac%! of lead 
alely precipitated, and about one pound of acetite of foda may pbofpho- 
beeafily obtained by evaporation. If this (hould be valued at*^*** 

two fliillings and fix-pence, the original coll of the ingredients 
will be reduced to three fliillings, add one fliilling for fuel and 
labour, and two ounces of phofphorus will be procured for 
four fliillings. It is needlefs to remark the great fuperiority of 
the lall method in point of facility, neatnefs and fimplicicy. 


VII. 


On the Burification qf Water by Filtration ; with the Defitiption 
qf a Jtmple and cheap Apparatus, Jn a letter from Sir 
Henry C. Englefield, Bart, F* R, S» iSpc, 


To Mr. NICHOLSON. 

SIR, 

I CANNOT but think the filtering machine of Profcflbr on P. Par- 
Parrott, publiflied in your lafi Journal, a very inconvenient JSSchiarT*? 
form of a very common inllrument; but as the filtration of the 

walcjc 
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water with which the metropolis is rupplied contributes giaite- 
rially to the health and comfort of thole who ufe it, and in fa£t 
renders it purer than almofi any known fpring water* a very 
cheap and commodious apparatus for the purpoie may be con- 
iidered as an obje£l of general utility, f therefore fend you a 
fedion of a machine which I conttrudled feveral years fince, 
and whicii any common carpenter can make for a very few 
(hilimgs, which may be thoroughly cleanfed at any time, and 
which occupies very little room. 

As you have already honoured feveral of my thort elTays^ 
publiftied in other colle^ions, witii infertion in your Journal, 
you will, I trutt, not be difpleafed that we fliould become im- 
mediate correfpondents. 

1 am. Sir, 

Your obedient Servant, 

H. C. ENGLEFIELD. 

S. I will not anfvver for it that the machine I^fend you 
has not been already introduced into ufe. If it has, you will 
of courfe fupprefs my letter j but if it has, Profeflbr Parrot's 
nitre is quite nugatory. 

AmAgement A mod excellent arrangement for (he purification of river 
for purifying water on a large fcale is mentioned in the writings of De Luc 
ftSel De SaufTure, but I cannot turn to (he pafTagein their works. 

It WMs applied with complete fuccefs by the inventor, to the 
dream which fupplied a large town in Switzerland. The ma- 
chine (if it may be fo called) was as follows: 

A is the upper furface of the dream to be puriHcd, B the 
bottom. Acidern is funk of dxor feven feet in depth, and of 
a proper breadth*, divided by parallel partitions, alternately 
fifing above the furface level of the dream and open at the bot- 
tom, and level with the bed of the river, and clofed at tiic 
bottom. It is obvious that the courfe of the water rofj[d be in 
the direction of the arrows, and in this repeated and (low af- 
cent and defcenl, all doatipg impurities will be led at the top* 
and the heavier mixtures will fubfidc. The . cidern may be 
eafily cleanfed, eidier by taking out the partitions, if it is on a 
fmall fcale, or by fending perfons down between the walls, if 
it is built permanently for a great dream. Perhaps, indeed, 
' . a box having the partitions filled half the way up with fand or 
gravel, may on this plan be the bed of all fiUres for domedip 
ufe, ‘ % 


Deferiptien 
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befcription cf the Filtering Apparatus, Plate V. Fig» 1 • 

A B The exterior tube, two feet high and fix inches fquare filtering appa* 
Within. ratusdefcribcd. 

C D The interior tube, four inches fquare at the top and 
three inches at the bottom. It reaches within about three 
inches of the bottom of the exterior tube, and is covered at 
the bottom with a coarfe linen tied round it. The ufe of this 
is to prevent the weight of the water from difiurbing the fand. 

The upper end of this tube is formed into a funnel, for the 
convenience of filling it with water, and it reds on the outer 
tube. E a fpout for the exit of the filtered water. 

Both tubes are filled with clean wathed fand up to the dot- 
led line jud below the fpout. A bag for (topping the coarfer 
impurities may be adapted to the funnel. If this machine be 
placed under the cock of any common water cittern, which is 
opened jud enough to fupply the funnel without running over, 
it will require no attendance, and will very feldom want clean- 
ing. It is obTToQs that every part of the machine, when the 
two tubes are taken afunder is vifible to (lie eye, and eafily 
reached by the hand. The ^nd, when wathed, will ferve 
many times. 

If indead of a funnel, a larger refervoir of water at the lop 
is ufed, which may fometiraes be convenient, it will be bed 
to fill the upper part of the inner tube for a few inches with 
clean fmall pebbles, as the pouring in water didurbs the upper 
fur face of the (and. 

It may be made either of wood or tin, but not of lead, for 
fear of impregnation. It is alfo evident that the rapidity of 
adtion of the filtre will be in a great degree regulated by the 
difference of level between the fpout anci the furface of the 
water in the funnel, and by fupply ing the hinnel with a greater 
or leffcr dream, the machine may be made to a£t sk quick or 
as (Ig^ as is wifiied. 

As the water which fupplies the metropolis is often tainted Whether char- 
with vegetable or animal fubdances putrified in it, it might be ^ 

well worth while to try whether filling the inner tube with a filtering appt« 
powdered charcoal might not tend to free the water filtred”*“*f°^ '^***^* 
through it from the difagreeablc tafte and fmell communicated 
by the c^ufes above-mentioned. It will alfo be advantageous 
to place the receiving velTel at Tome difiance below the fpout, 
that the dream may Mi through as much air as it conveniently 
» can. 

VoL. IX.— October, lS04r. H Experimenta 
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Dr. Hutton's 


in this way. 


Experiments on the EJhSts of Heat modified hy Comprejfion, by 
Sir James Hall^ BarU Read in the Royal Society of Edin^^ 
burgh, Auguft 30, 1 S04. Communicated by tftc Author, 

Experiments of I BEG leave to announce to this Society the refult of a feries 
hcatf modified of experiments which have occupied my attention almoft ex- 
y compreflion. dufjygjy during feveral years. Thefe experiments relate to 
the eflfedls of heat modified by compreflion^ and are intended 
to invefiigate the peculiar and charadleriftic principle of the 
Huttonian theory. 

Dr. Hutton's Dr. Hutton, in common with many former geologifis. has 
impounds* formation of all mineral fubfiances chiefly to fire, 

turally produced But. according to him. the influence of this element has been 
in this way, much modified by compreffion, occafioned by the weight 

and (Irength of a vafl fuperincumbent mafs. which then prefied 
upon what is now the furface of our globe. In this manner 
he has anticipated the natural ^bjeflion to all igneous theories 
which mufl arife from a com pari fon of various mineral fub- 
fiances with the produ6ls of fire in our furnaces; for he con- 
ceives that preflTure by repreffing volatility would occafion the 
prefence, in high temperatures, of many fubfiances which 
efcape in our fires, on a (light application of heat; and that 
thefe by their chemical relations would give rife to a fiate of 
things untried in any experiments hitherto publifhed. but fuch 
as to afford a fatisFadory explanation of all the natural pheno- 
mena upon his hypothefis. even of thofe which are the mofi 
incompatible with the common action of fire. 

The fads are The tvyo fundamental pofiulata required in this theory. 
aIScd**fn our* fo® aflionof heat, and theprelence of a fuperincum- 

globejbutthe bent mafs are certainly allowable; fince the volcanos feirnifii 
beenfliwirir”^ US with a proof that internal fire does aft occafionalfy and in 
experiment. ^ irregular manner which this fyfiem requires ; and fince the 
fragmented and perturbed date of our ftrata enables us to fay 
with certainty that great changes have taken place, that enor- 
mous mafies have been removed, and that what was once 
placed at a great depth is now highly elevated. 

But a third pofiulatum is Involved in this theory, which Teems 
to be of more difficult admiffion. Granting that heat did aft 
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on fjibHancesconflrained by prelTare, would its adion be mo« 
dified } Would that modification be fuch as is aflumed in the 
Huttonian theory? 

To thefe' queftions Dr, Hutton has replied by arguments Dr. U. his en- 
founded on general analogy; and has refted the proof of his hy- 
pothefis on its agreement with the phenomena of nature. In eflFefts from ge« 
that refpedfew philofophical theories have been fo fortunate; 
for its univerfal application to every department of the mineral 
kingdom, and its folution of ail the difficulties! afford a con- 
currence of probabilities in its favour which prefs on the mind 
with altncA irrefiflibl^ convidlion. Still it mufi be owned that 
the bafis of the fyflem is hypothetical; and a wifh has been ex- 
preffed by every man of fcience who has attended to the fub- 
jedt, that this bafis (liould be fubmitted to the teil of experi- 
ment. 

My objedl has been to accomplifli that end, and to bring *'**^J?*‘ 'f* 
this great queftion to m experimentum cruas. By placing tub- experiment, 
fiances in the pr^icament afligned to them in the Huttonian 
theory, 1 have endeavoured to imitate the fuppofed procefs of 
nature. In this attempt I hav^i met with great and numerous 
difficulties, but 1 have at laft fucceeded beyond my original 
expedlatioii, and have obtained refults, which, if 1 am not 
greatly deceived, eflablifh as a law of chemillry the moil pa^ 
radoxical of Dr. Hutton's pofitions. 

My experiments fliew, that when pounded carbonate 
lime, produced by the trituration of chalk, of marble, of the 
(hell of a fifh, or of calcareous fpar, after being rammed into In ftrong 
a fmall tube of porcelain, is expofed in veffels of fufficienl jbe^meaUme-*^ 
firength and tightnefs to the heat of 21 or 22 of Wedgwood's ftonc. 
pyrometer (that is to the heat in whicl\pure (ilver melts,*) 

the 

• 

* I take this opportunity of mentioning that a very material er- 
ror feums to prevail with refpeA to this point of the pyrometrical 
(bale. The error is the more formidable that it has been introduced 
and fanflioned by the highelt authority poffible in fuch a cafe; I 
mean that of Mr. Wedgwood himfelf. In his account of the 
pyrometer he gives a table, expreifing the effefts produced at va- 
rious points of temperature, and ftates 28 as the melting heat of 
filver. Now it coniiils with my knowledge that pure filver melts at 
22* I learned the fa6l from Dr. Kennedy, and 1 have had occafion 
to confirm the truth of it in numberlefs trials. 

* H2 Thil 
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tlie carbonate ftifinks upon itfelf and agglutinates into ai firnii 
mafs which in point of hardnefs and fpecific gravity ap- 
proaches very near to common lime-flone, and fometimes equals 
it« and which has frequently acquired the Tparkling fracture, 
the femi-tranfparencyy the fufceptibility of polifli, and the 
general afpedt of marble. The fame refult is obtained when 
a folk! piece of chalk is treated in a (imilar manner, and the 
chalk being previoufly meafured in Wedgwood's gage, is 
found to contradl during the adtion of heat three times more 
than the pyrometer pieces do in the fame temperature. During 
the adlion of heat, the carbonate is found to have loft very lit- 
tle of its weight; that lofs amounting in many cafes to lefs 
than one per cent, and in fome experiments it has undergone 
no fenftble lofs at all, or fo very fmall a one, that it may be 
neglcdted without fear of error. When thrown into an acid, 
this artificial limeftone efifervefees violently as it diftblves, the 
difehafge of gas continuing whilft the fmalleft^tom of carbo- 
nate remains vifible. 

Imperfea fufion I have been in pofteftion of this fadl fince the year 1801, and 
of cht chalk. J long attempted in vain to canry the experiment farther, fo as 
to accomplifti the fufion of the carbonate. In one folitary and 
accidental inftance, I had fucceeded in obtaining it in a ftate 
of real froth, wliich could not have been produced without 
previous liqiiefadtion; but being unable to repeat this refult, 1 
was unwilling to publifti it or any of the fadls already ftated, 
till I could do fo in a more fatisfadlory manner. In thecourft: 
of laft winter, with the help of many improvements in my 
mode of operation, and of ftronger apparatus, f at laft ac- 
quired the power of performing repeatedly and eyen with 
tolerable certaiHt}*,, what at firft had t>een the eftedt of chance. 
Adtual fufion* In thcfc experiments carbonate of lime has not only been ag- 


This obfervation relates to the pyrometer pieces fold by )ate 
Mr. Wedgwood, which weie formed of a mixture of alumine 
with Cornini poicelain clay. This let having been the only one 
ever diftributed ainongft chemifts, muft certainly be looked upon as 
the ftandard. Other lets had previoufiy been made by him of 
Cornilh clay alone, which had never been fent abroad, or at leaft 
only given to Ibme friends. It is pofilble that die difeordapee al- 
luded to in this note, may have been occafioned by experiments 
made with thole firft fete, which may have potTelTed different pro- 
perties from tliofe afterwards fold. 

glutinated; 
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l^lutinated, bula6lua]ly fufed; the fubilance finking upon itfelf 
with a round and gloffy furfaco, and exhibiting every proof of 
a viKid fluidity, fimilar to that of melting fealing wax. In 
general the fuiion has been accompanied with a (light ebulli- 
tion, whici) has fometimes changed (he mafsto a kind of Froth, 
and fometimes ha^ merely produced fome (caltered air bubbles. 

The whole externally and in its fra6lure Oiines much; this 
fliine, ariling in fome cafes from numberlefs facettes of cryflal- 
lizatiun, and in others from a fmooth and continued glofs, like 
that of glafs. In many fpecimens the cryftallization of newly Sparry cryftals 
formed Ipar is diftin6tly vifible; the cryftalline mafs confiding 
of parallel plates, which refledt together with one glofs. Some 
of thefe are difcernible by the naked eye, though in general tp 
fee them well we require the help qF a lens. As foon as the 
carbonate becomes foft, it begins to ad powerfully on the tube 
of porcelain (generally formed of pure Cornifli clay) in which 
it is confined; pound (lie wing itfelf to be much more Adion of the 

fufible than the pure carbonate. It penetrates the minuted 
crevices, and fpreads along the cup to a confidefable diftance 
|rom the point of contad betweAi the carbonate and (he tube; 
its termination being marked by a black line, the caufe of 
which I have not difeovered. Previous to this ftage of fufton 
po aclion whatever Teems to take place between the carbonate 
and the porcelain, the former receiving from the latter an ac- 
curate imprefijon of its (hape, acquired doubllefs when the 
powder was rammed into the tube. In this cafe the carbonate 
remains quite loofe, and js often heard to rattle before the vef- 
fel IS opened. Where pounded file:^ has been rammed into Union of the 
the tube in conlad with the carbonate, an union has fometimes 
taken place, producing a fubfiance having YoTnewhal the ap- 
peal ante of chalcedony, but which (hews evident •proof of 
fuiion, it having flpwe^ fiaiadiles and fia- 

lagrniti^. This fqbfiance effervefees feebly in acid, in fome 
cafes it leaves a femi-tranfparent cloud of undiflulyed matter, 
in others diflolves entirely the folution, yielding a jelly when 
evaporated to a certain pitch. This affords proof of a real 
union between the carbonate and the (ilex. 

In all the experiments alluded to in this paper, the velTels 
have been expoled to a violent expanfive force, by which a the carbonate has 
^reat number of them have been defiroyed, and the experi- (hewn diflFercnt 
ments have often been loft or refults obtained only of partial 
* ’ 3 faccef* 
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fuccefs. Bttt thefe have frequently been of value, by bfing- 
ing into view important coUateral fa6ts. Thus I have found 
that under certain circumftances, a partial calcination has taken 
place by the reparation of fome of the carbonic acid from the 
lime, though enough dill remained to preferve many of the 
leading properties of a carbonate. When a lofs is fudained, 
amounting only to two or three» or even four per cent. I dnd 
the fubdance dill fufceptible of agglutination and fu'don, but 
its fufibility is greatly diminidied, a heat of 40 or 50 being re* 
quired to accomplilh what would have been done in 22 or 25, 
had the earth continued to be completely faturated with car« 
bonic acid, and the carbonate thus obtained is apt to fall to 
decay by attrading moidure from the air. Thefe differences 
afford a good illudralion of the influence exerted by the acid as 
a flux on the earth. 

Having thus afeertained the fufibility of the carbonate under 
preffure of indefinite amount, I became cLuatfus of affigning 
its limits, and of difeovering the lead force necedary for this 
purpofe. In this view, in addition to my other devices, I foU 
lowed thofe ufed by Count *Rumford in trying the explofive 
drength of gun-powder.* 

By means of a great weight preffing upon a fmall opening, 
and regulated by a counterpoife adjuded at pleafure, 1 was able 
to condrain the carbonate to any given amount. In this man- 
ner 1 found that the preffure of 80 atroofpheres, anfwering 
nearly to half a mile of fea in depth, was requifite to produce 
any etfe£t of qompreffion on the carbonate of lime, and that 
to execute the bufinefs well required a force four or five times 
greater. ^ , 

1 have like wife made fome experiments with coal treated in 
the fame* manner as the carbonate of lime, but I have found it 
much lefs tradable, for the bitumen, when heat is apj>1ied to 
it, tends to efcape by its fimple eladicity, whereas the carbo- 
pic acid in marble is in part retained by the chemical force of 
quick lime. I fucceeded, however in condraining the bitu- 
menous matter of the cpal to a certain degree in red heats, fo 
as to bring the fubdance into a complete fufiuni and to retain 
its faculty of burning with flame. But 1 could not accomplifh 
Ihis in heats capable of agglutinating the carbonate ; for I have 
found, where I rammed them fucceffively into the fame tube, 

^ Philof. Journal^ quarto ieries, I. 459. * 
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and where the veflTcl has withftood the expanfive force, that 

the carbonate has been agglutinated into a good lime-llone, but 

that the coal has loft about half its weight, together with its refembUng ^ 

power of giving flame when burnt, remaining in a very com- blind coal. 

pa6t ftate with a fliining fra^ure. Although this experi^ient 

has not afforded the defired refult, it anfwers another purpofe 

admirably well. It is known that where a bed of coal is crofled 

by a dyke of Whinftone, the coal is found in a peculiar ftate 

in the immediate neighbourhood of the Whin, the fubftance in 

fuch places being incapable of giving flame, it is diftinguiftied 

by the name of blind coal. Dr. Hutton has explained this 

fa6t by fuppoling that the bituminous matter of the coal has 

been driven by the local heat of the Whin into places of lefs 

intenfity, where it would probably be retained by diftillation. 

Yet the whole muft have been carried on under the adtion of a 
preflure capable of conftraining the carbonic acid of the calca- 
reous fpar which occurs frequently in fuch rocks. In the laft 
mentioned expemnent, we have a perfed reprefentation of the 
natural fad% (ince the coal has loft its petroleum, whilft the chalk 
in contadt with it has retained ^^s carbonic acid. 

I have made fome experiments of the fame kind with ve- Animal and ve» 
getable and animal fubftances. I found their volatility much fbus^trcaied*^* 
greater than that of coal, and I was compelled with them to 
work in heats below rednefs; for even in the loweft red heat 
they were apt to deftroy the apparatus. The animal fubftance 
I commonly ufed was horn, and the vegetable faw-duft of flr. 

The horn was incomparably the rooft fuiible and volatile of the 
two. In a very flight heat it was converted into a yellow red 
fubftance like oil, which penetrated the clay lubes through and 
through. In thefe experiments I therefo/e ijiade ufe of tubes 
of glafs. It was only after a conftderable portion of the fub- 
ftance had been feparated from the mat's that the remainder af- 
furoed the clear black peculiar to coal. In this way I obtained 
coal, both from raw<rdufi and from horn, which yielded a bright 
flame in burning. 

The mixture of the two produced a fubftance having exactly Probability that 
the fmell of foot or coal tar, I am therefore ftrongly inclined roT** 

to believe that animal fubftance, as well as vegetable, has con- 
tributed towards the formation of our bituminous ftrata. This 
feems to confirm an opinion advanced by Mr. Keir, which has 
lieen mentioned to me fince I made this experiment, I con-^ 

ceive 
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eelve (hat the coal which now remains in the world is bu^t s 
fmnll portion of the organic matter originally depoll (ed, the 
mod volatile parts having been driven off by the adion of heat 
before the temperature had rifen high enough to bring the fur- 
rounding fubflance into fufion, fo as to confine the elaflic fluids 
and fubjedl them fo compreflion. 

• In feveral of thefe experiments, I found that when the pref- 
fure was not great, when equal, for inflance, only to BO at- 
mofphercs, that the horn employed was diflipated entirely, the 
glafs tube which had contained it being left almofl clean, yet 
undoubtedly if txpofed to heat without compreffion, and pro- 
te6ted from the contadl oF the atmofphere, the horn would leave 
a cinder or coak behind it, of matter wholly devoid of volati- 
lity. Here then it would feem as if the moderate preflu re, by 
keeping the elements of the fubflance together, had promoted 
the general volatility, without being ftrong enough to refill 
that expanfive force, and thus, that the whole had efcaped. 
This refult, which I (liould certainly not have forefeen in the- 
ory, may perhaps account for the abfence oF coal in fi( nations 
where its prefence might be ex{»e6led on principles of general 
analogy. 

I have fliewn feveral fpecimens oF thefe refults to my friends, 
in particular to Lord Webb Seymour, Mr. Playfair, and Mr. 
Davy, who have agreed in thinking that llie invefligation is 
now brought to fuch a flage of advancement, that the refult 
ought to be made public. 

I propofe in the courfe of next winter to lay before the So- 
ciety a particular account of all thefe refults, and of the me- 
thods followed in obtaining them. In the mean time 1 lhall 
now fubmit a few of , them to the infpeflion of the gentlemen 
prefent. 

Nos, 1, 2, 3, 4, 5, 6 and 7, were all produced in feparate 
experiments from pounded carbonate of lime. No. 1# was 
amongft the firll of my fuccefsful refults, having been obtained 
in 1799. It is a firm Hone, requiring a fmart blow of a ham- 
mer to break it. It was incloled in a cartridge of paper, the 
mark of which it Oill bears. The other fix are Hill harder and 
more compadl, approaching nearly in thefe qualities to com- 
mon lime-ftone. Nos. 2, 4, and 7, poflefs a degree of femi- 
tranfparency moll remarkable in No. 4, and all of thefe fpeci- 
mens exhibit an uneven fradture, approaching to that of bees^ 

wax 
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wax jind marble. Their colours are vartoufly though flighily 
tinged with yellow and blue; in particular No. 3, which though 
produced from common white chalky refembles a yellow mar- 
ble. Nos. 3, 5 and 6 have taken a tolerable polilh. No. 7 
contains a (liell introduced along with the pounded chalk, and 
now clofcly incorporated with it. 

Nos. 8, 9, 10, 11, all formed from pieces of chailk ex- 
pofed unbroken to heat and preflure. No. 8 is remarkable for 
a (Inning grain and iemi-tranfparency. Nos. 9 and 10 (liew 
parallel planes like internal Gratification which has often ap- 
peared in chalk, in confequence of the adtion of heat, though 
nothing of the kind could befeen in the native mail. No. 1 1, 
very compadf, and of a yellow colour. 

By various trials, to be given in detail hereafter, it appears Great Increife of 
that the carbonate in all thefe experiments has undergone a Jolbnefs*.”^ 
great diminution of bulk, amounting in ferae cafes to more 
than y of the qngjnal inafs; and that its denfity has been pro- 
porlionably increa^d. At the fame time the porofity of the 
fubfiance has diminidied in a Gdl higher degree. Thus it is 
found that chalk in its natural abforbs and retains from 20 
to 25 per cent, of water; but after being expofed to heat un- 
der compreffion, that it does not abforb quite 0.2 per cent, or 
the 500 part of its weight. ^ 

Nos. 12, 13. Examples of welding, in which the pounded Other fpeciniBas 
chalk has been incorporated with a lump of chalk, upon which r^hett 
it had been rammed, fo that their joining is hardly viGble in under ftrong 
the fraaure. 

Nos. 14<, 15, 16'. Shewing the fuGon of the carbonate well 
advanced, with a confiderable adtion on the porcelain tube. In 
No. 15, the rod of chalk is half melted* isivi a yellow fub- 
Gance produced by a mixture of the carbonate with the porce- 
lain. No. 16 is a lump of chalk, in a Gale indicating foFtnefs ; 
a picc^ of porcelain, which lay in contad with it, having funk 
a little into the fubGance of the carbonate. 

Nos. 17 and 18. being delicate, are inclofed in tubes of 
glafs. No. 17, formed from pounded chalk, (hews in one 
part the moG complete formation of fpar with its rhomboidal 
fradure I have ever obtained. The carbonate having loG fome 
of its carbonic acid, had crumbled to much in its elTential parts 
by the adion of the air, that the cryGallization was no longer 
VlGble, and 1 had given up the fpecimen for lo(l till within 
• ihcfc 
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Other fpecimeot thefe few days. When employed in examining (faefe refultsi 
po^M hw * carbonate broke in two, and exhibited the frac> 

endec ftcong tore now before us nearly in asgood afiale as it was originally. 

preflUre. j immediately inclofed it in a glafs tubcp and fealed it up with 

wax« fo that I have hopes of preferving it. In the mean time 
I am happy to fliew it entire to the Society. No. 18» likewife 
from pounded chalk is perfectly freth and entire, though made 
more than a year ago; it (hews fome beautiful clear cryfials of 
fpar in parallel plates, but is fo finall as to require the ufe of a 
glafs. 

Nos. 19, 20, 21p (hew examples of fuiion and a£tIon on the 
tubes. In number 19, a (hell is (inely united to fome pounded 
chalk. In No. 20, the mafs originally of pounded chalk is 
finking upon itfelf, and aAing at the fame time upon the tube. 
The pure carbonate in its frafture (hewing brilliant facettes of 
cryfiallization. In No. 21, the carbonate in a (late like the 
laft; the compound of porcelain and carb onate (hewing its lU 
quidity by penetrating the tube fo as to forru"a diAin£l vein, 
and then fpreading on its outhde to a confiderable extent, ter« 
minuting with the black line alcove alluded to. 

Nos. 22| 2$, 24>, give proofs of entire fufion. In No. 22, 
we fee two porcelain tubes inclofed for prefervalion in a glafs 
tube, the fealed end of which muft be held downwards, to 
(hew the pofition in which the experiment was made. The 
innennoft porcelain tube (lands with its muzzle upwards, and 
the outermoft covers it in the inverfe pofition ; the carbonate 
was contained in the inner tube. During the adlion of heat, 
the barrel failed fuddenly, and the carbonate has boiled over 
the lips of the inner tube, running down, as here appears, 
almofito its boltem;; thus proving that immediately previous 
to the failure of the apparatus, the carbonate had been in a 
liquid (late. No. 2S, two ma(res of carbonate, welded toge« 
tber in a complete (late of froth. The fubfiance (hiniag and 
tranfparent. No. 24, two feparate matTes expofed together to 
heat; one from pounded chalk, now in a (late quite like the 
laft; the other put in as a lump of chalk dreflfed flat at both 
ends, and a letter cut on each end (as done in many of the 
experiments.) It is in a (hining and almoft tranfparent ftate; 
at one end the flat form and the letter are ftill vifible; the other 
end is completely rounded in fufionj with a glofly fitrface. 

Nos. 
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25, 26, refulti of coal. No. 25, produced by the 
fufion of common coal under prelTure in low red heat. It 
gave flame powerfully. No. 26, coal produced from horn. 
It is a Alining black fubflance, exaftly refembling pitch or pe- 
troleum^ and burns with a bright flame. 

JAMES HALL. 


Atmojphtrical Air not a mechanical Mixture qf the Oxigenom and 
Azotic Gafes, demonftrateidfrom the Specific Gravities of 
Fluids^ In a Letter from Mr, John Gough. 

To Mr. NICHOLSON. 

S1R| 

I HAVE attempted to prove common air not to be a Introduany «- 

mechanical mixture. The arguments which I ufed for 
purpofe^ were drawn from the properties of refracted light 
and the motion of founds thrcTUgh elaflic fluids. Such proofs 
are of an indirect nature ; and though the mathematician may 
. fee the force of them, they may not carry an equal degree of 
convidion to the chemifl, who ought alfo to be convinced. 

The following obfervations apply more immediately to the 
fubjedt ; and 1 do not perceive how they can be refuted, unleft 
this be done by difputing the accuracy of the experiments on 
which they are founded. The prefent enquiry has the re- Experimeatil 
commendation of being flatical, and the data of my calcula-**^^ 
lions are borrowed from certain experiments made by Mr. 

Kirwan and M. La voider. According* to the former gentle- 
man, if the weight * of atmofpherical air be denoted by 1000, 
that of an equal bulk of carbonic acid gas will be 1500, of 
oxig^nous gas 1103, of azotic gas 985. An attempt to dif- 
cover the comparative weights of a number of gafes is a difii- 
eult undertaking; but the preceding ratios may be ufed with 
fome degree of confldence, becaufe they have been efiabliflied 
by a philofopher of the highefi reputation. Then in order to 
apply them to the bufinefs in hand, we will fuppofethe weight 
of 100 cubic inches of common air to be denoted by unity ; 

.though the real weight of the quantity may be flated at 31 Equitionita 
f Kflay on Phlogifton. 

grains. 
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grains, according to Mr. Kirwan. Alfo let the charedters 
Wt r, and y, exprefs reipedlively the cubic inches of the car- 
bonic acid, the oxigenous, and azotic gafes, which compofe 
the n^ixture contained in 100 folid inches. Now w + a' -f-y 
= 100 inches by hypotbefis. But if 100 inches of air be de- 
noted by unity, the fame hulk of carbonic acid gas will be 
cxpreflTed by the fradlion experimental data ; 

confequently the weight of this gas in the mixture will be 
found by the following proportion; i, e, as 100 : : 

1*1 ^*1^® manner, the weight of the oxigen is found 
tp be AVyw 2**1^ tbat of the azote is Now the 

full) of thefe weights is equal to unjty by the premifes of the 
calculation ; if then the equation be multiplied by IpOQOQ on 
the common denominator of the unknown quantities, itaflfumes 
the following form ; i. c. 1500tt' + 1 + 985 y= 100000. 
Thus it appears that we have only two equations, when the 
quantities to be determined arc three ; this cirgmnftance leaves 
Ihe problem unlimited ; that is, the value of one of the quan- 
tities mull be difeovered without the aid of calculation. 

. M. Ch^plal takes no nptice^f the carbonic acid in his ob- 
fervalions on the cpnilitution of common air ; which appears 
to be an overiight, at leail in a general view of the fubjedt ; 
for various proceifes of nature as well as art conftantly dif* 
charge this gafeous acid ipto the atmofphere, where its pre- 
fence is alio indicated by quick -lime being converted into a 
carbonate, vyhen placed in open fitualions. Thefe fadts 
amount to morp than a probability, that the lower parU of the 
atmofphere contain a flight admixture of the carbonic acid : 
this fmall portion, howevpr, was undoubtedly retained, in a 
great meafure, tiie azotic gsjis which Mr. Kirwnn ufed in 
his experiments ; bccaufe he prepared it from common air, 
which was confined over mercury, together with a pafte of 
i'ulphur and the filings of iron. «> 

This Angle confideration induces me to follow the example 
of M. Chaptal in making to of no value ; and the flep may be 
taken with the greatefl fecurity in the prefent inftance, be-: 
caufe it increafes (he value of x, if it alter it at all ; (hat is, 
the amount of the oxigenous gas, as found by calculadon, will 
exceed the truth, on the fuppofilion that (he carbonic acid 
remained in the azotic gas, which Mr. Kirwan weighed. If^ 
then, tv be put equal to nothing, the preceding equations al'-* 

funic 
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furti^ the following forms ; i. e. x = 100, aind 1 103 x + 

985 y= 100000. Multiply the former by 985, fubtra^l the 
product from the latter, and you wilJ have the following equa- 
tion ; i. e. 118x= 1500: Hence by divifion, x=:l2,^; 
and the cxcefs of 100 above this number gives y = 87,-y-J. 

The* flops of this procefs have been detailed minutely, with a 
view to enable the chemical reader, who has the lead know- 
ledge of algebra, to confider the grounds of the following 
conclufioiis, and to form his own judgment refpedting the 
weight of them. 

It is evident from the foregoing calculation, that if 100 parts Air not a mix- 

r ® 1 . r • .L turc of oxigen- 

of a mixture of (he oxigenous and azotic gales, having the 
fpccific gravity of common air, were deprived of their oxigen gates, 
in a graduated tube, the reiiduum would ineafure fomething 
more than 87 fuch parts, ?. e, 87,-^. But when an equal 
hulk of the atmofpherical fluid is treated in the fame manner, 
the portion of^.it ^vjhich remains unabforbed, is much lefs than 
the preceding quantity ; M. Chaptal makes it to be 72 fuch 
parts, and fome writers call it 78, the mean of which is 75. 

Now if we fubtradl any one oi* thefe numbers from the refi- 
duum fixed by calculation, a difference will be found, which 
cannot be referred to the unavoidable imperfcdllons of eudio- 
meters, becaufe it could hardly efcape obfervalion in any in- 
flrument of the kind, the lead excefs being more than nine 
parts, or nearly a tenth, of the whole fcale of 100 parts. On 
the other hand, a mixture of 72 parts azole and 28 oxigen, or 
of 78 of the former and 22 of the latter, exceeds an equal bulk 
of common air in weight ; confequently the atmofpherical 
fluid is not a mechanical mixture of the two gafes in quedion, 
if any credit be due to the experimental dola. • 

Though air has been fliewn not to confid of the oxigenous “ gafeous 
and azotic gafes Amply mixed together, it is certainly a com- ’ . 
pouneb that may be refolved into thefe two principles : For 
behdes fupporling refpiration and combudion, it converts me- 
tals into oxides, and the nitrous gas into nitric acid; therefore 
it contains the oxigenating principle. On the other hand, 
when air is employed to oxigenate bodies, the refiduuin of 
it is azotic gas of greater or lefs purity; confequently the at- 
inofplierical fluid is a gafeous oxide of azote, which can be 
decompofed by art, though chemids have not as yet dlfco* 
vired a certain method of producing it at pleafure, by uniting 
tkc oxigenating matter to the azotic bafe. 


Faffs 
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Stoical HMOyfit Fads have obliged mo (ogive a name to common air, whtdi 

^ has been hitherto exclufivel^ applied to the dephlogifiicated 

nitrous air uf Dr. PrietUy. This remark being made for the 
fake of perfpicuity, 1 will endeavour, in the next place, to 
give a fiatjcal analyfis of the atmofpherical fluid. If 100 cubic 
inches of common air weigh 3 1 grains, the weight of an equal 
bulk of azotic gas will be 30.535 grains ; becaufe as 1000 : 31 
: : 985 : 30.535 : in like manner the weight of 100 cubic 
inches of oxigenous gas will be found to be 34.193 grains. 
The quantity of azo^Jb gas in 100 cubic inches of air, will be 
flated at 75 inches in the prefent calculation, for the following 
reafons : firji, fiecaufe 75 is the mean of 72 and 78 ; fecond, 
Becaufe M. Lavoifier found, that four inches of oxigenous 
gas and 16 inches of air faturate equal quantities of the nitrous 
gas. Thefe premifes being fettled, we (hall And the weight 
of 75 inches of azotic gas to be 22.90125 grains ; confequently 
the weight of the oxigen gas in 100 cubi c inch es of common 
air, is the excefs of 31 above the laft nlimler, or 8.09875 
grains ; therefore as 34.193 : 100 inches : : 8.09875 grains 
: 23.685 inches, which is the jpeafure of the oxigen gas in 100 
cubic inches of common air^ when the azotic gas is flated at 
75 inches. Thus it appears, that if 100 parts of the atmo- 
fpherical fluid were decompofed, the elementary gafes would 
occupy together no more than 98.685 fuch parts; and a dif- 
ference of a like nature will be obferved, if the azotic gas be 
called 72 or 78 per ccnt.\ hence it follows that the deniity of 
air is lefs than that of the mechanical mixture of its elements. 
This polition may appear paradoxical at the Aril view, but 
chemiflry can furnifli various inftances of compounds, which 
are fpeciAcallj;, kghter than the aggregates of their ingre- 
dients. / 

The oxigen of anal^^As mufl remain incomplete, until the powers of 

tfKttrcompared the oxigen of the atmofphere have been compared with the 
®**8®®* correfponding effeS of an equal weight of the oxigeimus gas. 
Such an- attempt, however, is liable to great uncertainty; 
becaufe the experiments which (hould fupply the necelTary 
data, are varioufly reprefented by different writers. M. 
LavoiAer fays, that four parts of oxigenous gas and nearly 16 
of common air, oxigenate equal bulks of nitrous gas, namely 
17,y parts. On the contrary, M. Chaptal found by repeated 
experiments, that 12, or at mod 13,. parts of air were filffi- 

ciedt 
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cient^to latunte the fame quantity of nitrous gas. The data 
of tfte following calculation are taken partly from the one and 
parity from the other author : I have fuppofed with M. La^ 
voifier, that three inches of the oxigenous will acidify 1$ 
inches of the nitrous gas : M. Chaptal is followed in other re* 
fpedls, namely^ the atmofphere is imagined to contain 72 per 
cent, of azote, and 39 inches of air are made equivalent to 52 
of nitrous gas. The calculation, which is formed upon thefe 
fuppoiitions, will in all probability prove incorred; but 1 have 
ventured to infert it, as being a novelty, which is likely to 
excite enquiry. If 39 inches of air can faturate 52 of nitrous 
gaSf 100 inches of the former require 133.333 of the latter* 

Again, if 13 inches of nitrous gas demand three of oxigen^ 

133.333 of the former will require 30*303 of the latter. But 
the weight of 30.303 inches of oxigen gas amounts to 10.361 
grains, which is equivalent in effeft to 100 inches of air. 

Now 72 inches of azotic gas weigh 21.985 grains, which 
being taken from 31 grains, leaves 9.015 grains for the weight 
of the oxigenous part of 100 inches of air; in round numbers, 

90 grains of the latter kind of qxigen are equal in eflfeft to 
103 of the former. 

1 know that M. Lavoifier, in fpeaking of the conilitution 
of nitric acid, makes 100 grains of it contain 64* grains of the 
nitrous and 36 of the oxigenous gas ; or 173 inches of the 
former and 105 of the latter. Had the data of the preceding 
calculation been taken from this ratio, the comparative fupe- 
riority of atmofpherical oxigen would have been much greater 
than it appears to be by the lafl paragraph. A preference, 
however, has been given to the preceding hypothefis, becaufe 
1 defire to excite enquiry, rather than exp^dt to eflablith any 
thing of a permanent nature concerning the fubjedi* 

The preceding arguments, in conjunction with otliers of a The origin of 
kind irore uncertain than themfelves, fuggefied to me the ph'al'jour. 
probability of atmofpherical oxigen poifeffing a greater degree vol. viii. p.246. 
of efficacy than an equal weight of vital air. This idea oc- 
curred to roe feveral months ago ; and I at length refolved to 
propofe it to the public in a number of hypothetical queflions, 
which appeared in your Journal for Auguft. Thefe queries 
are evidently borrowed from fome ingenious fpeculations, that ^ 
were publiflied io the eighth volume of the tame work* ; for 

^ * e Page 88, 
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the queries imply^ in common with the remarks here allud^ 
tO| that the oxigenating matter Is water chemically united to 
the poiitive power of the galvanic pile. In order to accom- 
modate this notion to the cafe of common air; 1 have fuppofed 
that tlie oxigen of the atmofphere receives a Hronger charge 
of the power in queilioPi than that which is imparted to vital 
air ; in confequcmce of which ft takes up an additional quan- 
tity of water, upon being difunited from the azotic bafis, and 
is thus converted into oxigenous gas. Should future experi- 
ments difeover that bodies, which are oxigenated by given 
portions of common air in conlad with water, acquire more 
weight titan the air lofcs, the difeovery will undoubtedly open 
a wide held for enquiry. 

JOHN GOUGH. 

Middlejhaw, Sept. 5, 1801*. 
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Letter from Thom You nip, M. D. F . R . S . announcing 

the Difeovery of a new tnoving Star, by Mr. Harding, 0f 
Lilienthal ; uni on other Subjeds. 

To Mr. NICHOLSON. 

Dear Sir, 

New planet I HAVE juft received a fetter frorii Dr, Gaufs of Brutifwick, 
lately difcovcrcJ. dated September II, in which he informs me that, 

a few days before, Mr. Harding at Lilienthal had dilcovered 
*' a new moving* ftar, moft probably another new planet of 
our folac fyftem.'^ Dr. Gaufs is certainly a perfon on whofe 
judgment much dependance h)ay be placed: He has fent 
(bme further particulars of the difeovery to the Aftaonomer 
Royal. 

Maximum of 1 lake this opportunity of making a criticifm on a work of 
deoiity of water, experimental merit which has lately appeared. It re* 
lates to the apparent expanfion of water in a veftel of glafs. 
Mr. Leftie calculates, from the fuppofttion that the expanfion 
of water is proportional to the fquare of the degrees oi tem- 
perature above the freezing point, and from the expanfion of 
glafs meafured by General Roy, that the apparent maximbm 

bf 
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of dignfity fliould be at 6^ of the decimal fcale ; but he has 
taken in this calculation tlie mean rate of expanfion from the 
freezing to the boiling point, infiead of the expandon at the 
boiling point, which, upon the fuppofition, is twice as great ; 
hence the apparent maximum, on the fame grounds of calcu- 
lation, (hould be at 3^ of the decimal fcale, or at 37.4^ of 
Fahrenheit. Mr. Dalton attempts to avoid this difficulty by 
fuppoiiiig that the thin bulb of a thermometer expands more 
than the glafs tube employed by General Roy. 

The fame ingenious author has made experiments on theBlafficity of W- 
elaHicity of different fubflances, by meafuring the depreffion 
of the middle of a bar fupported at its extremities; but if I 
am not much midaken, his inferences from them are by no 
means accurate. Mr. Leflie gives 67 1625 feet for the height 
of a column of deal equivalent to its eladicity ; the true height 
refulting from his experiments, taking into confideration alfo 
the inequality of curvature, appears to me to be 4664000 
feet ; which is dill little more than half as much as would be 
inferred from the experiments of Chladni on the longitudinal 
founds of dr wood. There m^d have been fome inaccuracy 
in Mr. Lcdie^s experiments on dee! differently tempered : for 
It appears from the dire6l experiments of Coulomb on the 
flexure of bars, as well as from thofe of Chladni, and fome 
of my own, upon found, that the ultimate eladicity of deel 
in fmall tendons is the fame, whether it is harder or fofter. 

This may appear at drd fight paradoxical, but it admits of a 
fiifficient explanation, which, together with many other illuf- 
trations of various parts of natural philofophy, will probably 
before Iqng be laid before the public. 

Your very obedient fervdnt,* 

THOMAS YOUNG. 

Wilbe^k Streets, Sep, 22 , 1804 , 
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11^ INSTRUMENT Fan COUKTZNG THE LIFTS FROM 4 MINE, 

XT. 

Defcription qf an Injtrument to ajteriain the Number qf Lifts 

made from a Mine, in any given Time, Bij Mr. John 
Antis *. 

SIR, 

counSngAe*"^ ^ HAVE lately been encouraged by fome gentlemen engaged 
Efts firom a in fome coal mines in this neighbourhood, to invent a machine, 
mme. which would infallibly tell the number of boxes of coals drawn 

out of a pit in the courfe of a week, or any given time. 1 
have juft now completed a model, which I think would anfwer 
the purpofe extremely well. 

Before, however, I make it knowm, 1 thought I would 
inquire of you, whether fuch an invention might be of a more 
exteniive ufe, and as fuch would deferve ^le attention of the 
Society, 

The machine is very ftmple, and need not be cxpenfive; 
its properties arc as tuilow : 

1 • It is of no confequence if the pit be ten, twenty, forty, 
or more yards deep. It will, notwithftanding this difterence, 
only point out one box at once; and, fuppofing the pit to be 
feveral hundred yards deep, the principle will remain the 
fame, and the machine could be eafily adapted for it. 

2. It is likewife of no confequence if the coals be drawn up 
by a hand windlafs, or any other machine turned by horfes or 
other powers. 

3. No account is neceflary to be kept for a whole week, or 

any given time> a5*the machine can be calculated for any 
quantity qf coals whatever, that can bedrawn up in a given time. 
Only allowance muft be made for the number of perfons that go 
down and up in the fame way. * ^ 

I have not yet heard of any contrivance of this kind ; and 
therefore, if there be any fuch, it is unknown to me. Who- 
ever knows (he fraud, wbicji is but too often committed by 
bankfmen, in accounting for the quantity of coals procured 
from a pit, will readily admit the utility of fuch a contrivance. 
And it may moft likely alfo be ufeful in tin, lead, and other 

F From the Tranfa^ons of the Society of Arts, 1803. 

^ 

^ ' ' mmes. 
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itiines/ Should the Society be of the fame opinion^ theft ! Infttument ftfft 
writ fend you a (till more complete model than at prefent* 

Your fpeedy anfwer will very much oblige mine* 

Your moft obedient Servant, 

JOHN ANTIS* 

Fulneck, March 6, 1S05!. 

Charles Taylor, Efq. 


SIR, 

I HEREWITH fend you a model of my machine> which I 
have before mentioned to you, for pointing out any number of 
boxes or bafkets of coals, or other minerals, which are drawn 
out of a pit in any given time. 1 (hall be much obliged ttf 
you, if you will lay it before the Society for the Encouragement 
of Arts, &c« for their inlpedlion, and (hall be glad that they 
find it of public utility^ 

It will eafily be perceived, that by enlarging thet wlieels 
and multiplying the cogs of thery, the number of yards 
qiiired for (he depth of a mine, as lilcewife the number of boxes 
which are wanted to be pointed out may be carried to an/ 
extent. 

1 am fo little acquainted with coal-pits, or any other mines^ 
that I do not know the technical terms by which the different 
parts are called, nor all (he methods now ufed to draw up thofe 
materials ; I mud therefore beg the indulgence of the Society, 
if I do not always exprefs myfelf with accuracy. 

By inventing this machine, I aimed at afeertaining the 
number of boxes, my ideas rcfpedling which J*wi]l endeavour 
to deferibe, to the bed of my abilities. 

Fird, the rope mud be fo long, that it can be fadenej at its 
middle Iq^lhe windlafs, and that each end thereof may reach 
to the bottom of the pit. This precaution will not be neceflfary, 
if it can be prevented by any other means from (hiding or 
Aiding, which 1 leave to others, more acquainted than I ant 
with the prefent pradtee, to efied. 

Theroller A, PktteVlUFig. 1, in the model, with the endlefs 
ferew, reprefents the gudgeon in full dze of g hand windlafs, 
fuch at are ufed in this neighbourhood, particularly where the 
pits are of confiderable depth. As no great firefs is laid upos 
Aiis^crew, it may be made, in order (O' fare labour, of brafs^ 

1 2 and 
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Sblbuatatlilr and drivon, or otherwife fafteped» upon any gudgeon. I 
the windlafs to be one yard in circumference ; and 
fttiae. confeqoeDlly forty revolutions of the windlafs are required 

before the firfi wheel B» upon which the brafs catch C is fixed, 
turns once round. The pit, therefore, may be only ten yards, 
or from feventy to feventy-five yards deep, yet it will make no 
difll&rence. All that is required to regulate the machine to the 
depth of the pit, is as follows: — If the pit be little more or 
lefs than ten yards, the firft wheel muft be fo placed in the end- 
lefs fcrew, that the brafs catch C may be at the beginning, but 
jtift efcaped from the cogs of the fecond wheel D. It will 
then only want five or fix revolutions of the windlafs backwards, 
before the faid catch is ready to operate again. But fuppofing 
the pit to be feventy yards deep, in this cafe, the catch C 
muft be placed fo as nearly to be ready to ad. By turning 
backwards, the wheel may very nearly make two revolutions; 
and as it can be ftill turned as far the othbr way, the catch will 
only ad once, provided the faid wheel does not quite make 
tivD revolutions. ^ 

The model is about the fixe required for a common band 
windlafs* The index will at once (how how many times fifty 
boxes, and how many aboi^e and below that number, have been 
drawn up: not one of them can efcape. Allowance, however, 
snuft be made for the number of perfons who go up and dwn 
in the fame way. Befides this, fince one box is always coming 
up, whilft the other is going dow n, the numbers pointed af 
muft be doubled, except a perfon was defirous to have a ma- 
chine ading both ways, which would hardly be worth while. 
As the machine is at prefent, though it points out a tboufand 
boxes only, yet it will ferve for two thouland. 

Tlid (iime roechanifoi, with very little variation, may be 
fixed to a horfe machine, called a gin, in this neigbijiourhood ; 
via. ns a gin may be ten yards or more in circumference, the 
adion would be too iluw, if moved by an endlefs (crew ; a 
pini(m> with (bur leaves, will be found much more convenient. 
This pinion is fixed to the end of the upper gudgeon, which en- 
ters the box containing the machinery. As feme accuracy is 
required to make fuch a pinion work well, and thefe machines 
are often coarfely conftruded, it will be necefiary only to make 
about one inch and a half of the end of the (aid gudgeon ex* 
^dly round, namely, that part of it which goes through^ the 
* bottom 
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bottoiy of the box, and then faften the latter fo, that it can Inftfumei^«f 
give fvay to any remaining inaccutacy of the other parts of ^ 

the gudgeon. mine. 

I have fent a drawing * of fuch a machine, which will be 
eafily underfiood, fince the principle is the fame as in the 
model. But as gins are commonly made ufe of in deep mines, 

I have made it upon a larger fcale ; viz. the firfl wheel has 
iixty-four cogs ; and this, with a pinion of four leaves^ will 
require fixteen revolutions of the gin, for one of the wheel. 

Allowing ten yards for the circumference of the gin, it will 
make one hundred and Axty yards of rope ; and confidering 
that the faid wheel can nearly make two revolutions, and that 
the catch will iiill a 6 l only once, it will confequenlly ferve 
for a pit of three hundred yards deep, as well as for one of ten 
or twenty. 

In this machine, the three wheels are placed onoon another, 
and the index is divided ; viz. the hfty on the fecond, and the 
JOOQ on the third wheel. As the wheels move, the two hands 
are Handing, which will point out (he numbers as exaflly as 
thofe in the model. Indeed, inachines for hand windlafleit 
may be made in the very fame way, and thereby be more 
fimple, though the ditference is but fmall ; viz. the box would 
require but one lid and lock, and the two fmaller wheels be- 
come unnecetTary. 

Though in fetting the machine fo as to begin counting with 
one, it may eadly be effected by lifting out the fpring, and then 
turning the wheel with the other hand, till both hands Hand 
ppon one, yet, in the double index, the upper hand rouH only 
be fet thus with the wheel, and the lower may be moved round 
on its focket. • 

111 my humble opinion, my machines may be uferul in two 
ways; firH, fo the honeH banksman, as they will fave him 
(he troable of noting down each box which is dravi*n up, and 
prevent miHakes ; fecondly, in the prevention of fraud, which 
will be their greatell and moH important ufe. To obtain this 
end, it is neceffary that the machine be fo contrived, that 
nothing eflentially wanted can be difenga^ed. I have there- 
fore made the model fo as to fruHrate any fuch defign. AH is 
within the box; and neither the endlefs ferew can be difon- 

* This drawing is in the Society's poHeHum. . 
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gaged from the wheel, nor the fpring; nor can the number on 
(he index be altered without firft opening the box. This latter 
can be made of iron, if found neceflary, with a good lock to 
it ; otherwife. the ftrcfs is fo very little, that even one of wood, 
made in all refpedls like the model, would anfwer, if it could 
be fecured from the of the weather. In the machine 

likewife, repr^fented by the drawing, nothing can be altered, 
except the box be firtl opened* This machine is fattened to 
the beam in which the upper gudgeon turns. To ctfedl this, the 
bottom of the box mutt have two projeding ends with holes in 
(hem, larger than necetTary to receive a ilrong pin or rivet ; 
which 'pins mutt have large heads, fo that when properly driven 
or riveted in, the box may be able to give way to any remaini- 
ing inaccuracy in the lower parts of the gudgeon^ as I before 
obferved. Thofe machines for hand windlatTes, like the model, 
are Axed to the tide of the pott into which one of the gudgeons 
tups ; but perhaps thefe ipight likewife be contrived fo, that 
(he gudgeon with the endlefs ferew may-be a piece by itfelf, 
attached oqty to the wiiullafs by a fquare, or otherwife, as is 
pften pradtifed in other machineries, fuch as cotton^mills, &c. 

I am. Sir, 

Your obedient Servant, 

JOHN ANTIS. 

fulneck. May 18 , 1802 . 

Charles Taylor, Efq. 

Pqferencc to the Model fent by Mr, Antis to the Society, 

Plate Yl\, pigf I. A. The roller, with an endlefs ferew, 
(o be the fixe pf «the gudgeon of a hand windlafs, 

B. The firtl wheel, of forty teeth, with a brals catch C. 
Jt may be moved backwards or forwards by the endlefs ferew. 

D. A ratchet wheel with fifty teeth, which, when th^, wheel 
B is put in motion one way, the catch will Hide over the teeth 
of it ; but, on turning it the other way, the catch will drop 
into and forward this wheel one (ooth, in which fituation it is 
prevented from returning by the fpring £, placed on the fide 
of the box which holds a tooth on the fide of the wheel. 

P. A fmall pinion of four teeth, on the back part of (be 
axle of the wlieel D. This pinion moves a large wheel on the 
Othe( fide of the box, " • 
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2. G. The large wheel laft mentioned : it has 

teeth. 

H. A fmaller wheel of fiftyieeth, fixed faft on the faceofiniAe* 
the wheel G ; which wheel H works a wheel I, of the fame 
number of teeth, (liown by dotted lines behind the figured 
dial- plate. 

K. The (hort hand, or finger of the dial, is placed upon an 
arbor or collar of this wheel I, and moves with it. 

The long finger, or hand of the dial-plate, goes upon a 
fquare on the end of the fpindle on which the above arbor 
moves; which fpindle moves forward this long finger one 
divifion in fifty of the outer circle marked on the dial-plate, 
every time the rope, or any thing attached to it, has been 
down to the bottom of the mine, and returned to the top. 

The inner circle of the face of the dial is marked in divi* 
fions of fifty each. When therefore fifty draughts up and 
down have been made from the mine, the (liorter hand will 
be found, if both hands were originally fet correctly at the 
top, to have moved to the firfi interior divifion marked SO ; 
and fo on, in proportion, will advance as more draughts are 
made. 

K, Is a board placed under the wheels B D, in Ftg, j , and 
which feparates them from the other wheel-work in Fig, 2, 
wiiere only a few teeth of the wheel B appear behind it. 

LL, Show the temporary handles in both figures; and 
the pofition of thofe letters denote that the gudgeon of the 
windlafs, when the machine is in actual ufe, fiiould be there 
joined to, or make a part of the roller A. 

fig, 3, Shows, on an enlarged fcale, the form of the catch 
C. The Heel fpriiig M prelfing againfi»11iftpin N, returns 
the catch to the tooth of the wheel D, when it basb^en forced 
back ; and a pin fixed underneath the catch moves in a groove 
O, made in the wheel B, to prevent the catch being prefled 
too far back, or thrown out improperly by the fpring. 

A door is fixed on each fide the box, and (hould be locked, 
to prevent the bands being altered unknowingly. 

Tlie drawing of a machine for fimilar purpofes, intended 
to be ufed with a gin or horfe-wheel, alluded to in Mr. Antis’s 
letter, is in the Society^ poflelfion, if a reference thereto be 
Jbought pcceflary. 
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On G^lvanifm. In a Letter Jroin Ra. Thicknessb, E/q^ 


To Mr. NICHOLSON. 

SIR« Wigan, Sept, 20, 1804, 

On the caufes Although the produ6(ion of the eleftric fluid by the 
difcovery,**^** galviwiic pile has neVer yet been fatisfadlorily accounted for, 
k appeats to me fomewhat eafy to be explained, from a ccfb- 
iideration of the principles of chemiflry. This, I am aware, 
is a very bold opinion from a roan who is a mere dabbler in 
^hitofophy ; but as it roufl be allowed that the ablefl philofo- 
phical inquirers 'and experimentalifls have been guilty of ex- 
traordinary overfights, I trull my prefumption is excufablc. 
When an ardent mind has once entered a wrong path in pur- 
fuit of knowledge, it is too intent upon ^he objedls before i£ 
to turn alide, and too anxious to (irocecd to be induced to 
look back. Thus chemifls fifty ^ears ago thought they ob<^ 
tained earth from water, bec^ufe they omitted to weigh the 
veffels in which they made their experiments ; and thus, per- 
haps, tlie profefTors of galvanifm at the prefent day, being of 
opinion, as 1 believe they all are, that the eledtric fluid pro- 
ceeds from the metals, devote little of their attention to the 
fluid employed in the pile, coniidering it almofl as a mere 
conductor. Nothing can be more obvious to a chemifl now 
than the necelflty of weighing the matter he fubje^ls to expe- 
riment, and alfo the produ)£l ; yet the difeovery alone of this 
neceflity overturned the opinions, and fallifled the. wifdom, 
of all the previous cultivators of the fcience, and led to the 
modern theory of chemiflry and its improvements ; an omiflion 
how trilTing in itfelf to keep men (philofophers too) poking 
ih the dark for ages ! ' c- • 

Argument or Water, we are told, is compofed of certain4)art8 of oxigen 
ihfcrcnce that hidrogen ; but, as to form' Ihefe bodies^ from a flate of 

03 ^en,gas at lead, into water, it is rieceflary to pafs an eledlric 
hidmgen, and fpark throUgh, OF rather into them (no matter whether the 
dearicity, proccfs of formation be combuflion or not), and as'water owes 
its fluidity to beat, the matter of heat and the electric fluid 
being' probably the fame. Or modifications of the fame body, 
I think it reafonable to afliime that water is compofed qf 
oxigen, hydrogen, and tfie eleSlric fluid. 


Argument or 
ihfcrcnce that 
water is com* 


dcdlricity, 


The 
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The experiments by which M. Volta and others hive en- i>ecoiii^tIoe 
deavoured to (hew that piles compofed of metals only afifard 
the galvanic fluid, are fo little demonftrative pf it, that they got to the 
feem to me equally illuftratiye of the contrary ; and I believe ®f 
that all galvanic piles muft, with the intervention of fluidsi be • * 

conipofed of two metals, or other JUbJlances, which have an 
affinity, the one for oxigen and the other for hidrogen ; tor 
water and other fluids made ufe of in galvanic piles,' are de- 
compofed ; and not, J conceive, i^s hath generally been ima* 

Hined, by the elefiricity of the metals; but by the a6lion of 
affinities. For inftance. In a pile formed with zinc, copper^ 

.and water, the oxigen and hidrogen of the water having a 
ffronger aflinity for the zinc and copper (the oxigen for the 
zinc and the hidrogen for the copper} than' for each other, 
unite with them, the water being confequenlly decompofed, 
arid the elefiric or galvanic fluid, which was contained in it| 
confequently fet at^liberty. 

In fupport of this theory I may alledge as fadls, that tfae flrfl Fuller expiana- 
fliock from a galvanic pile is generally the flrongefl, when 
the energy of the affinities is tlie greateff ; that for a repeti* 
tion fome interval of time is reqtiifite, whilfl the decompoflt^ 
tion is taking place; that the metals in the pile a6l, not ac* 
cording to their quantities, but according to their furfaces — 
the greater thefe are, the greater being the quantity of water 
a6led upon ; that the zinc is always oxidated, and the copper 
(or fliver) always adled upon by the hidrogen, being rendered 
more brittle, &c. ; that any alteration in the arrangement of 
the pile, which brings two pieces of the fame metal to the fame 
ftratum .of water, inflead of one piece of each metal (one to 
a6t on (lie oxigen and the other on the ItidrOgen], interrupts 
fhe procefs, and, no decompoiition taking place, there is no 
eie61ric fluid produced ; and it may alfo be added, that this 
lafl fad which cannot otherwife be accounted for. 

I am not ignorant that a flream of the galvanic fluid from Objedlon, that 
the pile, pafled through water, decompofes it ; but it is 
|>roof, 1 prefume, that water contains none of this fluid, be- pofes water, '* 
caufe it is decompofed by a greater quantity than will chemi- anfwcrcd. 
cally mix with it. If we pour a fmall quantity of water im- 
pregnated with carbonic acid gas into lime-water, the lime is 
precipitated, or contpo/id, the lime-water becoming turbid; 

but 
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but if we add a further quantity^ the lime is again de^oni- 
pofed^ and the lime-water becomes again perfectly clear. 

I am. Sir, 

Your mod obedient ferxrant, 

KA. THICKNESSE. 


XIII. 

Drfeription qf an Injlrument for drawing in true PcrJpeSiive 
from Nature, and qf another of confiderable Simplicity and 
Cheapnefi far delineating Ovals* Jn a Letter from a Coi re* 
fpondent, R. 6. 

To Mr. NICHOLSON. 

SIR, 

As I obferve (hat you are willing, in your capacity of Jour- 
nalid, to lay before the public any iketch or outline of inven- 
tion that may promife to be ufefuh whether in its ultimate 
date of improvement or not, { am encouraged now and then 
to fend my tlioughts, queries, obfervations, or news, as they 
may occur. The following indruments are ofTcred to your 
notice, in hopes they may appear in your excellent col- 
ledion. 

fig, 1, Plate Vlll, is a fketch of an indrument for per- 
fptftive, made fume years ago by Dollnnd, and of which I 
know not the inventor. A lelefcope or camera is fufpended 
vertically on a frame by an univerfal joint or jiinbaU. Hori- 
zontal rays A, are diredled down the tube by a plane mirror 
B, and are again tendered horizontal, and turned to the eye 
through a^fide hole in the tube, by another mirror C. At the 
lower end is a pencil £ Aiding in a well-htied focket, and 
prclfed gently downwards by a weight or fpring ; or dill better, 
by the hand only. The refult or ufe is, that while the images 
are in fuccedion brought into apparent contact with a point 
ill the deld of view, tiie pencil may be employed in tracing 
them in true pcrfpedlive upon the table beneath *. 

There is an oniidion of the grey or rough glafs, if the drawing 
be meant for a camera ; or of the eye -piece, if it be a telefcope. 
The drd focal convergence mud be made in thefe, and not at the 
cyc.-.N. 

5 j'lg. 
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Fig. 2 reprefents a Gniple rule and firing for drawing ovals laftruoftnt for 
pn paper. AC B is a filken thready fixed at A. and 
of being lenglhcncd, fliortened^ and fixed a (crew B at the 
other end. Tiiis fcrew B can be placed^ by a longitudinal 
groove in the ruler« at any difiance from A« and can be made 
to pinch the thread upon any one of the divifiona of the rule. 

At C is a pencil to be moved in the bend of the thread. It 
mafi be held upright, and it would be eafy to contrive means 
of keeping it fo ; but it does not feem an objedt of fuflicient 
neceffity to add to the price of the infirument. 

In the ufe. fet A at one focus of the intended oval and B 
at the other. Allow the firing to extend till the pencil marks 
the extremity of the conjugate diameter. Draw the fcmi-oval 
by moving the pencil along in the firetched thread : Then 
reverfe the poiitls A and B. placing them rcfpedively on the 
fori occupied before by each other. Draw the other fcmi- 
oval. which completes the figure. 

I am, Sir, 

Your obliged correrpondent. 

. B. Ba 


XIV. 

On tlie Computation of Tables qf Squares and Cubes, In a Letter 
from H. G. 

To Mr, NICHOLSON. 

SIR. 8, 1804. 

A . ** * 

jLkS 1 can employ my time in a more ufeful. pleafant. and IntroduAion* 
advantageous way than by making tables of any kind. 1 have 
no df^rc on my own account to trouble your readers with the 
following remarks, and fliall therefore leave it entirely to your 
choice to notice them or not in your Journal. 

I am. Sifj 

Youx humble fervani. 

H. G. 


YOUR correfpondent £. O. in his note. p. 79 of your On the compa- 
J^)urnal for this^month^ has very properly pointed out an error 

cubea. 




IlHf COM^VTAttOW SftUAltES AND CtrBE». 

^ tile &mpn* in th^ rule laid down by mo in p. 1 50 of your Journal for July 
Jail, which will be corrofied by fobHituting the word given 
ffibca- for the word 

But he doei not feem to be aware that the rule I propofed 
for tinding the fquares of roots in an arithmetical progreliion 
of thofe rootSy is precifely the fame as that he has ufed and 
elucidated in pages 5 and 6 of your Journal for this month. 

Neither h^s he made me a convert to his doctrine, that ad* 
dition fliould be ufed in preference to fubtraftion ; for the one 
appears to me as eafy an operation as the other, for all the 
purpofes to which it is applied in the condrudtion of the tables 
in queilion. 

With refped to the confirqdion of the table of cubes, I 
will barely (late my method of computing the cubes of the 
fame roots £. O. has calculated, in pages 8* and 9 of your 
Journal for this month, and will leave it to thofe who may be 
inclinable to enter on 'the inveftigation, to determine which 
methqd will be inoft advantageoufly pradtifed, his or mine, 
only obferying, that £. O. has a continpal repetition of the 
fird differences, which I have entirely avoided without adding 
any figures, in other refpeds, to thofe he has ufed. 

1 dill think my method of computing the table of cubes is 
not more liable to inaccuracy than that £. O. has adopted ; but 
in order to avoid almod the poflibility of error in my computa* 
tion, and at the fame time to add to, examine, and correal 
Mr. Councer's table, I would place the cubes of half the given 
roots X 8. at fuch cfidances u^nder each other, as would en- 
able me to interpolate my calculations of the cubes of twice 
thofe roots, as it is done in the left hand part of the following 
elucidation ; and then it is evident, every other cube obtained 
by the calculation mud be the fame as that obtained from the 
table; and thus a proof of the accuracy of Mr. Councer's 
tableji and of the continuation of it, would go hand in luind. 
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XV. 

iMttr to the Editor from Mr, William Henry, in reply W 
Mr, Gough. 

Manc/icjltr, September 13, 180t. 

SIR, 

Nothing was farther from my infenlton, when I com- 
municated to you the ** Illuflrations of Mr. Dalton’s Theory 
of Mixed Gafes,” than to enter into controverfy refpedling a 
do6trine, to the defence of which I may naturally be fuppofed 
to be much lefs competent than its author. Yet it is certainly 
required of me, both by the refpcdlful attention due to your 
correfpondent Mr. Gough, and to others of your readers, 
either to explain and fupport, or to relincjuifli, if erroneous, 
the opinions refpeAing which 1 have publicly^ expreifed a coin- 
cidence with Mr. Dalton. The laft alternative I do not, at 
prefent, feel difpofed to adopt, becnufe 1 am far from being 
convinced by Mr.G«’s reafoningi and in the explanation, which 
1 am about to offer, 1 tball confine myTclf to thofe proofs of 
the new theory of mixed gafes, which are furniQied by my 
own experiments; leaving to Mr. Dalton the more important 
office of efiabli filing its fundamental evidences, 
of It is by no means clear to me, whether or not Mr. Gougli 
denies the principle, ** that the relation between gafes and 
jift water is altogether a mechanical one.”* To me this appears 
as legitimate an inference, as can poffibly be deduced in pby- 
fics; for the quantity of every gas, abforbed by water, follows 
exa^ly the ratio of the preflfure: And, fince it is a rule in phi- 
lofophizing,, that effects of the fame kind, though differing in 
degree, are produced by the fame caufe, it is perfe^ty fafe to 
conclude, that every, even the minutefl portion of ttny^as, 
.in a flafo of abforption by water, is retained entirely by incum- 
bent preHure. There is no occadon, therefore, to call in the 
aid of the law of chemical affinity, when a mechanical law 
fully and fatisfa£lorily explains the appearances. And when 
the effect ceafes, it is equally conformable to jufl reafoning to 
infer, that this happens, in every cafe, folely in confequence 

* Ceitaia acid gafes, the muriatic for inftance, are obvioufly ex- * 

eluded. 
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rf 111# telaxation or removal of that mechanical power, wMch 
held (he gas in its (ituation. Under all circum fiances, (here* 

(ore, when a gas erc*apes from w'ater, whether by placing the 
aqueous mixture under an exhaufied receiver, or in an atmof- 
pherc of a different gas, the caufe operating its efcap^ mufi 
be one and identical, viz. the diminution of mechanical pref- 
ftire. Before we account for any effedl by comparifon of af- 
finities, the affinities themfelves fiiould be proved to exifi. 

But with refpedl to the relation of gafes to water, the proof 
fails in every infiance; for how can that effedl be fairly aferibed 
to chemical affinity which is defiroyed, as is the connc 6 lion of 
every gas with water, by an unmtxed mechanical caufe; and 
is it not abfurd to compare powers which have no exificnce in 
nature? 

Admitting then the connection between gafes and water to —and she pref- 
be entirely dependent on phyfical preflure, there naturally other gas than 
arifesout of this lawman explanation of the curious faCi, which thatabforbed. 

I laave afeertained, that each gas, when abforbed by water, is 
retained in its place by an atmofphere of no other gas but of 
its own kind. Under any other lit mofphere, the abforbed gas 
efcapes, even without agitation, though this certainly acce- 
lerates the event. Now the fubaqueous gas can only accom- 
plifli its change of place by virtue of forae aClive principle or 
power inlierent in it, and caufing its movement; and this 
power is its elafticity, which is not counteracted by that of an 
incumbent gas of a different fort. ThefaCt affords, therefore, 
foraething further than " probability,” that the particles of 
gafes prefs only on ihofc of their own kind; for to fay that the 
clafiicity of the fubaqueous gas is not counteracted by any in- 
cumbent one of a different fort, is to afiert hi ofher terms, that 
the one is not prefi'ed by the other, — the principle which I am 
folicilous to effablitb. 

The Jbove remarks are (he only ones which I deem it within theory is an 
my province to urge in reply to Mr. <jougli. Before clofing capable 
this letter, iiow’ever, 1 muft exculpate myfelf from the charge mathematical 

of attempting to uphold a mechanical theory, by probabilities 
drawn from chemical faCls. This ilalement is notcorreCl; thefenatioa. 
facts which I have alledged are purely fiatical, and my objeCt 
has been to prove that lliey were before erroneoufiy included 
under the laws of chemical affinity, with which, in reality 
ihyjr have no connection. Thefe merhanical phenomena, I 

have 



broogiit in fuppart of the general principle th^t thd 
particles of gafes prefs only on thofe of tlieir own kind and 
in fo applying them, I trail I have conformed to the rigorous 
laws of philolophkal induclton. Such general principles are 
aot uncoiDihon in natural fcience; and though, like the law of 
gravitation and fome other lefs compreheniive ones, they may 
k mathematically purfued and inveftigated, yet they are not 
derived from mathematical reafoning, but from a method of 
enquiry which Newton himfelf did not difdain to employ, ~ 
that of induction on the bafis of experiment and obfervation. 
The fpeculations of Mr. Dalton, being founded on wellafcer- 
tained fa6ls^ appear therefore to me to be fairly entitled to the 
appellation of tJieory, and not to be included within the defi- 
nition of hypothefis,* handed down to us from the father of ex* 
"perimental philofophy. 1 remain, very truly. Sir, 

Your’s, &c. 

WILLIAM HENRY. 


XVI. 

Defcription of a very fimpk and cheap Contrivance for making 
Port folion qf large Viwenfiom. By the late James Mal- 
TON, Efq.f 

SIR, 

Methoa of con- I well know the great inconvenience experienced by 
Krutling large arlifts and colledlors of prints and drawings, from the want 
***' of portfolios of dimeniions capable of inclofing large fubje^ls, 

and as I alfo well know that the means ufed by the Society for 
the' Encouragement of Arts, &c. to promulgate knowledge 
knd ufefhl information are earnell as they are extend ve, I am 
induced to lay before that body a port-folio of my confira£iion, 
which I perfuadc myfelf pofTeffes every advantage that can be 
wifhed. ^ 

Tlie difficulty, or rather the impoffibility of obtaining cafes or 
port-folios, as large as are fometimes requifite, has given rife 
to many expend ve contrivances, to the fame end ; or large 

e Quicquid ex phaenomehis non deducitur, bypethefii vocsHsdt 
eft/' Princ. LlII, in Bruckeri Hill. Crit. Phil. Tom. IV. p. fUkS* 
f Society of Arts, 1803# ^ 

prints, 
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prin(«^ &c. muft be kept in rolls, to (heir almoil certain de-McAod oftoiui 
firudlion, by frequency of rolling; or at lead are thus Jg 
expofed to the danger of being cru filed by accident. Milled 
paileboards, of which port-folios are made, are not manufac* 
tured above a certain moderate (ize: to exceed that fize in a 
port-folio, is an undertaking of no inconfidcrable trouble, in 
pafbng, glueing, and prefTing Uiem together. On inquiring 
of Mr. Newman, of Soho-fquare, (a manufadlurer of thefe 
articles) how he managed to make port-folios above the ordi- 
nary dimenlionc, lie informed me, it was an undertaking of 
trouble, and related his having made one for a gentleman, by 
attaching fixteen of the larged milled boards together; that 
the materials alone cod five guineas; and that its weight was 
greater than one man could lift. 

My method of condru61ion obviates all difadvantages — 
weight, expence, and trouble; and port folios of any dimen- 
lions may very readily be manufadtured by the fimple appli- 
cation of two draimng- frames, covered on both lides with 
canvas, and papered ; and connedled, as all port-folios are, by 
leather at the back, or with wooden backs, the ddes being 
conncdlcd by hinges. Thus a port-folio may be made capable 
of holding the larged cartoons, maps, and prints; and pofTell^ 
ing another great advantage, belides that of not bellying or 
fwagging, when laid againd a wall, as thofe condrudted of 
padeboard do, to their own dedrudlion, and material injury 
of the things they contain. 

A frame of four feet by three will be drong enough, if made 
of deal. The diles are four inches wide by half an inch 
thick; and they have a middle upright dile of the fame width, 
with angle pieces at the corners, as is niowp>*ii^ the engraving. 

Fig, I, A frame of much greater dimenlions may require' 
two middle upright diles; and, if very large, a middle longi- 
tudinal i^ile, as is (hown in the engraving. Fig, 2. 

11^ the frames are made of mahogany, they need not ex- 
ceed 3- 16th s of an inch in Ihicknefs; but, of whatever wood 
they are made, it mud be well lealoned, or they will warp* 

A padlock may be applied to fuch cafes, for the prptedlion of 
their contents. 

On this condra6lion I have made two port-folios, one of 
which I have had in ufe thefe ten years. A handfome one, 
ol^tolerably large dimenlions, 1 have fent with this paper, foe 
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mahogany, which, beaded, f<^rms the ou‘ edge in a neat man* 
ner. Its ficnple iigbtneis,, aiiii its firm Satnefs, 

miiftbe obvious to every one; and I ftre of ojjm’on theSockfly 
will obtain the thanks of all and artiii (if they tbink 

it worthy of infertion in the Volume of their 1 lanfadlions) by 
making this (imple matter publicly known. For my own part# 
I (hall be highly gratified in having contributed to the comfort 
of arliAfi and colledlors, in preferving their valuable refearclies, 

^ I am# Sir, 

Your obedient Servant, 

JAMES MALTON. 

Korton-Jtrect, June ^5 , 1802 . 

Reference to the Engraving, Plate VI 11. 

Fig* 4. One of the tides of the frame for a port-folio, the 
dinienfions four feet by three: it may be made of deal or fir 
wood. The ftilesi four inches wide by*halF an inch thick ; 
the middle upright fide to be of the fame width. It (hould 
lave angle pieces within the porners, to keep them firm. 

Fig. 3. Shows a fide of another frame, where much larger 
diroenlions are required; it fiiould then have two upright fiiles, 
and a middle longitudinal flile, all within the frame, and angle 
pieces at the corners. If it is made of mahogany, inftead of 
deal, the fiilf^s may be reduced nearly one-fourth in breadth and 
thicknefs; the wood, in either cafe, fiiould be well feafoned, 
that it may not be liable to warp. 


£xp. 2* So 
like wife the 
CTcftcd fringes 
of Grimaldi* 


ExpeHmints and Calcidatiom relative to Pkyfcal Optics, Byt 
Thomas You kg, M* D. F, H, S. From thn Phitqflxpldciai 
Tmnfti^iions for ISO-I* • 

(Concluded from p. 64.) 

Exper. 2. T HE crefted fringifs deferibed by the ingenious 
and accurate Grimaldi, afi'ord an elegant variation of the 
preceding experiment, and an interefting example of a calcu* 
iaiion grounded on it. When a fliadow.is formed by an ob* 
jeA which hati a re6iangular terminationi befides the ufual 

« ternkl 
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toitial fringeSf there are two or three alternationrof coloufe^ * 

beginning from the line which bifeds the angle, difpofed on 
each fide of it, in curves, which are convex towards the bt^ 
feAing line, and which converge in fome degree towards it, as 
they become more remote from the angular point. Thefe 
fringes are alfo the joint effedt of the light whicii is infle^ed 
dire^ly towards the (hadow, from each of the two outlines of 
the object For, if a fcreen be placed within a few inches 
the objed, fo as to receive only one of the edges of the ihadow» 
tlie whole of the fringes difappear. If, on the contrary, the 
redtangular point of (he fcreen be oppofed to the point of the 
fbaduw, fo as barely to receive the angle of the fiiadow on 
its extremity, the fringes will remain undifturbed. 

II. COMPARISON OF MEASURE^, DEDUCED FROM VARIOUS 
EXPERIMENTS. 

If we now proceed to examine thedimenfions of tl>e fringes, CompirHbn of 
under different circumfiances, we may calculate the differences ®«*^*“*»* 
of the lengths of the paths defcribed by the portions of light, 
which have thus been proved |o be concerned in producing 
thofe fringes ; and we fiiall find, that where the lengths are 
equal, the light always remains white; but that, where either 
the brigh left light, or the light of any given colour, difappears 
and reappears, a firfi, a fecond, ora third time, the differences 
of the lengths of the paths of the two portions are in arithme- 
tical progreffion, as nearly as we can expert experiments of this 
kind to agree with each other. 1 (hall compare, in this point of 
view, the meafures deduced from feveral experiments of New« 
ton, and from fome of my own. 

In the eighth and ninth obfervations (he third book of 
Newton’s Optics, fome experiments are related, wljich, toge* 

Iher with the third obfervation, will furnilh us with the data 
necefiary for the calculation. Two knives were placed, with 
thdir edges meeting at a very acute angle, in a beam of the fun’s 
light, admitted through a fmallaperture ; and the point ofcon^ 
courfe of the two firft dark lines bordering the (hadows of the 
refpefitive knives, wasobferved at various difiances. Therefults 
of fix obfervations are expreffed in the firfi three lines of the 
firft Table. On the fuppofition that the dark line is produced 
by the firfi interfisrence of the light refteded from the edges of 
Ahe knives, with the light puffing in a ftraight line between them, 

^ Kl? we 
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Com^riron of we may aflSgn^ by calculating the difference of the two paths 

meafuret. interval for the firft difappearance of the brighteft light, as 

it is expreffed in the fourth line. The fccond Table contains the 
refults of a (imilar calculation, from Newton’s obfervations on 
the (hadow of a hair ; and the third, from fome experiments 
of my owni of the fame nature : the fecond bright line being 
fuppofed to correfpond to a double interval, the fecond dark 
line to a triple interval, and the fucceeding lines to depend on 
a continuation of the progrefGon: The unit of all the Tables 
is an inch. 

Table I. Obf, 9. N. 

Diftance of the knives from the aperture - - - 101. 

Diftances of the pa- 
per from the knives 1 1, 3j» 32, 96, 131. 

Diftances between 
the edges of the 
knives, oppoftte 
to the point of 

concourfe - .012, .020, .034, .057, .081, 087. 

Interval of difappearance ,0000121, .00001551 •0000182, .0000x67, .0000x66, .0000166. 


Table II, Obf. 3. N. 

'Breadth of the hair - - - 

Diftance of the hair from the aperture 
Diftances of the fcale from the aperture - 
{ (Breadths of the (hadow ... 
Breadth between the fecond pair of bright lines 

Interval of difappearance, or half the difference 
of the paths - . • ' • ^ 

Breadth between the third pair of bright lines 
interval of difappearance, I of the difference 


- TSTT* 

144. 

150, 252. 

> * 1 

TT* TT' / 

9 4 

■jfT* Ty 

.0000151, .0000173, 

.0000130, .0000143. 


Table III. Exper. 3. 

Breadth of the objedl . - - - • .434, 

Diftance of the objeft from the aperture - - -125. 

Diftance of the wall from the aperture ... 250. 

Diftance of the fecond pair of dark lines from each other 1.167. 

Interval of difappearance, ^ of the difference - • .'0000149. 

I 

Exper* 
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» 

Exper, 4. 

Breadth of the wire - ^ ^083* 

Diftance of the wire from the aperture - ^ - 32. 

Diilance of the wall from the aperture ... 250« 

( Breadth of the fliadow by three 

meafurements - - .815, .826, or .827; mean^ .823.) 

Di (lance of the fird pair of dark 

lines .... J.163, 1.170« or 1.160; mean, 1.165. 

Interval of difappearance .... .0000194* 

Diflanceofthe fecond pair of dark 

lines .... 1.402, 1*395, or 1.400; mean, 1.399. 

interval of difappearance .... .0000137* 

Didancc of the third pair of dark 

lines .... 1.594, 1.580, or 1.585; mean, 1.586* 

Interval of difappearance .... .0000128. 


It appears, from (iVe of the fix obfervations of the firfi Table, 
in which the difiance of the fiiadow was varied from about 3 
inches to 1 ] feet, and the breadth of the fringes was increafed 
in the ratio of 7 to I, that the difierence of the routes confii- 
tuting the interval of difappearance, varied but one-eleventh 
at mofi ; and that, in three out of the five, it agreed with the 
mean, cither exactly, or within part. Hence we are war- 
ranted in inferring, that the interval appropriate to theextinflion 
of the brightefi light, is cither accurately or very nearly 
ct'nfiant. 

Hut it may be inferred, from a comparifon of all the other 
obfervation*:, that when the obliquity of the retledlion is very 
great, fome circumfiance takes place, which gaufes the interval 
tims calculated to be fomew hat greater : thus, in the eleventh 
line of the third Table, it comes out one-fixth greater* than the 
mean the five already mentioned* On the other hand, the 
mean of two of Newton’s experiments and one of minej, is a 
refult about one-fourth lefs than the former. With refpeQ to 
the nature of this circumfiance, ] cannot at prefent form a de- 
cided opinion; but J conjedure that it is a deviation of fome of 
(he light concerned, from the redilinear diredlion afiigned to it, 
arifing cither from its natural diffraction, by which the mag- 
nitude of the (hadow is alfo enlarged, or from fome other un- 
kuown caufe. If we imagined the (hadow of the wirct and the 
^ 41 fringes 
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Comftrifon of fringes neareft it, to be fo contra6led that the motion qjf the 
oieafures. bounding the ihadow might be redilinear, we (hould thus 

make a fufficient compenfation for this deviation ; but it is di& 
iicuU to point out what precife tra^l of the light would cauCi 
it to require this correftion. 

The mean of the three experiments which appear to have 
been lead afledled by this unknown deviation, gives .0000127 
for the interval appropriate to the difappearance of the brighted 
light ; and it may be inferred, that if they had been wholly 
exempted from its effects, the meafure would have been fome- 
what fmaller. Now the analogous interval, deduced from the 
experiments of Newton on thin plates, is •0000112, which is 
about onc-eiglith lefs than the former refult ; and this appears 
to be a coincidence fully fufficient to authorife us to attribute 
thefe two clafles of phenomena to the fame caufe. It is very 
eafily (hown, with refpedt to the colours of thin plates» that 
each kind of light difappears and reappears, where the differ- 
ences of the routes of two of its portions are in arithmetical 
progreflion ; and we have feen, (hat the fame law may be in 
general inferred from the phefiomena of diffrafted light, even 
independently of the analogy* 

The diftribution of the colours is alfo fo fimilar in both cafesi 
as to point immediately to a iimilariiy in the caufes. In the 
thirteenth obfervation of the fecond part of the firft book, 
Newton relates, that the interval of the glalfes where the rings 
appeared in red light, was to the interval where they appeared 
in violet light, as 14 to 9 ; and, in the eleventh obfervation of 
the third book, that the diftances between the fringes, under the 
fame circum fiances, were the 22d and 27 th of an inch* Hence, 
deducting the breadth of the hair, and taking the fquares, in 
order to find the relation of the difference of the routes, we have 
the proportion of 1 4 to 9|, which fcarcely differs from the pro- 
portion obferved in the colours of the thin plate. c 

We may readily determine, from this general principle,^ the 
form of thecrefted fringespf Grimaldi, already defcril^d ; for 
it will appear that, under the circumflances of the experiment 
related, the points in which the differences of the lengths of the 
paths deferibed by the tw^o portions of light are equal to a con- 
hant quantity, and in which, therefore, the fame kinds of light 
ought to appear or difappear, are always found in equilateral 
hyperbolas, of which the aates coincide with the outlines of tjje 

(hadow. 
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filftdsWf and the afyinptotes nearly with the diagonal line^ * 

Such, therefore^ muft be the dire^ion of the fringes; and 
this conclufion agrees perfeAly with the obfervation. But It 
mud be remarked, that the parts near the outlines of the (ha^ 
dow, are fo much fliaded off, as to render the'chara^ter of the 
curve fomewhat lefs decidedly marked where it approaches to 
its axis. Thefe fringes have a flight refemblance to the hy* 
peibolic fringes obferved by Newton ; but the analogy is only 
diflant. 

III. application to the supernumerary rainbows. 

The repetitions of colours fometimes obferved within the Application of 
common rainbow, and deferibed in the Philofophical *rranfac-|j|® 
tions, by Dr. Langwiih and Mr Daval, admit alfo a very cafy of light t* the* 
and complete explanation from the fame principles. Dr. Pem- 
berton has attempted to point out an analogy between 
lours and thofe ofjhin plates; but the irregular refle61ion Daval. 
from the pofrenor furface of the dropi to which alone he attri- 
butes the appearance, mud be far too weak to produce any 
viflble eff'6ls. In order to underdand the phenomenon, we have 
only to attend to the two portions of light which are exhibited 
in the common diagrams explanatory of the rainbow, regularly 
refledted from the poderior furface of the drop, and crofling 
each other in various direAions, till, at the angle of the greaU 
ed deviation, they coincide with each other, fb as to produce, 
by the greater intenfity of this redoubled light, the common 
rainbow of 41 degrees. Other parts of thefe two portions 
will quit the drop in directions parallel to each other; and thefe 
would exhibit a continued diffuflon of fainter light, for 23^ 
within the bright termination which forrns^ the rainbow, but 
for the general law of interference, which, as in other flmilar 
cafes, divides the light into concentric rings; the magnitude 
of theft rings depending on that of the drop, according to the 
difference of lime occupied in thepaflage of the two portions, 
which thus proceed in parallel directions lb the fpeCtator^s eye, 
after having been differently refraCled and reflected within (he 
drop. This difference varies at firfl, nearly as the fquare of 
(he angular diflance from the primitive rainbow: and, if the 
fir A additional red be at the diflance of 2 ^ from the red of th6 
rainbow, fo as to interfere a little with the primitive violet, 
ttft fourth additional red will be at a difteoceof nearly 2? 

more ; 
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more ; and the intermediate colours will occupy a fpace lysarly 
equal to the original rainbow. In order to produce this eiFe6ts 
the drops rouft be about ^ of an inch, or .013, in diameter ; 
it would be fufficient if they were between and The 
reafon that fuch tupemuiuerary colours are not often feen, 
mud be, that it does not often happen that drops fo nearly 
equal arc found together: but, that this may fometimes 
happen, is not in itfelf at all improbable : we meafure even 
medicines by dropping ihem from a phial, and it may eafily 
be conceived that the drops formed by natural operations may 
fometimes be as uniform as any that can be produced by art. 
How accurately this theory coincides with the obfervation, 
may befl be determined from Dr. Langwiih's own words, 

** Augud the 1(2 id, 1722, about half an hour pad dve in the 
evening, weather temperate, wind at north-ead, the appear- 
rance was as follows ; The colours of the primary rainbow 
were as ufual, only the purple very much inclining lo red, 
und well defined ; under this was an arch*of green, the upper 
part of vviiidi inclined to a bright yellow, the lower to a more 
dulky green ; under this werq^ltcrnalely two arches of reddilh 
purple, and two of green : under all, a faint appearance of 
another arcli of purple, wliich vaniflied and returned feveral 
times fo quick, that we could not readily fix our eyes upon it. 
Thus the order of the colours was, i. Red, orange*colour, yel- 
low', green, light blue, deep blue, purple, ir. Light green, 
dark green, purple, iii. Green, purple, iv. Green, faint 
vanidiing puiple. You fee we had here four orders of colours, 
and perhaps the beginning of a fifth ; for I make no quedion 
but that what J call the purple, is a mixture of the purple of 
each of the uppei^ [eries with the red of the next below it, and 
the green a mixture pf the intermediate colours. I fend you not 
this account barely upon the credit of my own eyes; for there 
was a clergyman and four other gentlemen in companyi whom 
I defired to view the colours attentively, who all agi^ed, 
that they appeared in the manner that I have now deferibed. 
There are two things which well tleferve to be taken notice of, 
US they may perhaps dired us, in fome meafure, to the folulion 
of this curious phenomenon. The fird is, that the breadth of 
^he fird feries fo far exceeded that of any of (he reft, that, as 
pear as I could judge, it was equal to them all Uken together, 
Tbe fucQud is, that I have never obferved thefe inner orcl^s 
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of colours !n the lower parts of the rainbow, though they have * 

often been incomparably more vivid than the upper parts, 
under which the colours have appeared. I have taken notice 
of this fo very often, that 1 can hardly look upon it to be ac- 
cidental ; and, if it fliould prove true in general, it will bring 
thedifquiiition into a narrow conipafs; for it will (liow that this 
effed depends upon fome property which the drops retain, 
whilfl they are in the upper part of the air, but lofe as they 
come lower, and are more mixed with one another/^ Phi!. 

Tranf. Vol. XXXII. p. 243. 

PVom a confi deration of the nature of the ferondary rainbow, 
of 54®, it may be inferred, that if any fuch fiipermirnerary 
colours, were f<*en attending this rainbow, they would lu-cclla- 
rily be external to it, inflead ol internal. The circles fomelimes 
feen cncompafTing (lie obferver^ ihudow in a mill, are peihaps 
more nearly relatcil to the common colours ol thin plates as 
leen by rellection, 

IV. AI^GUMKNTATI VE INFlRtNCE RESPECTING THE 

NATURE or LIGHT. 

f 

The experiment of Grimaldi, on Ihecrefied fiinges within Argumentitivc 
the (liadow, together with feveral others of his obfervations, ‘"*^*^”*^‘*®* 
equally important, has been left unnoticed by Newton. I'hofe 
who are atluched to the Newtonian theory of light, or to the 
hypothefes of modern opticians, founded on views flill lefs en- 
larged, would do well to endeavour to imagine any thing like 
an explanation of ihefe experiments, derived from their own 
(lo6lrines; and, if they fail in the attempt, to refrain at lead 
from idle declamation againft a fydem which is founded on the 
accuracy of its application to all thefe fadis; to a thouland 
Cithers of a limilar nature. 

Prom tJie experiments and calculations which have been Homogeneous 

piciiMfcd, we may be allowed to infer, that homogeneous hai»*>pp«f»t® 
1--. . I i-n • 1 1* ® . qualities at equal 

lig.it, at certain ecjual diftances m (he diredion ot is motion, jiftances along in 

is pofleflTed of oppofite qualities, capable of neutralifing or courfe, by which 

dcdioying each other, and of exlinguidiing the light, where "xiinaion 

they happen to be united ; that thefe qualities fucceed each the light may be 

pi her alternately in fucceflive concentric fuperlicics, at dif- 

tances which are conilant for the fame light, palTing through 

the fane m^fdium. From the agreement of the meafures, 

^nd (rim th&(iinUurity of the phenomena, we may conclude, 

that 
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that thefe intervals are the fame as are concerned 19 the 
produ^ion of the colours of thin plates ; but thefe are ftiown, 
by the experiments of Newton, to be the fmaller, the denfer 
the medium ; and, fince it maybe prefumed that their num-- 
ber muft neceffarily remain unaltered in a given quantity of 
light, it follows of courfe, that light moves more flowly in a 
denfer, than in a rarer medium : and this being granted, it 
muft be allowed, that refradtionis not the effedt of an attrac- 
tive force directed to a denfer medium. The advocates for 
the projcdlile hypothefis of light, muft confider which link in 
this chain of reafoning they may judge to be the moft 
feeble ; for, hitherto, I have advanced in this Paper no ge* 
neral hypothefis whatever. But, fince we know that found 
diverges in concentric fuperficies, and that mufical founds 
confift of oppofite qualities, capable of neutralifing each 
other, and fucceeding at certain equal intervals, which are 
different according to the difference of the note, we are 
fully authorifed to conclude, that there muft be fome ftrong 
refemblance between the nature of found and that of light. 

I have not, in the courfe lof thefe inveftigations, found 
any reafon to fuppofe the prefence of fuch an inffedling me- 
dium in the neighbourhood of denfe fubftances as I was for- 
merly inclined to attribute to them ; and, upon conffderiiig 
the phenomena of the aberration of the ftars, I am difpofed 
to believe, that the luminiferous ether pervades the fub- 
ftance of all material bodies with little or no reff fiance, as 
freely perhaps as the wind paffes through a grove of trees. 

The obfervations on the effedls of diffraction and inter- 
ference, may perhaps fometimes be applied to a practical 
purpofe, in niaking.us cautious in our conclufions refpeCiing 
the appearances of minute bodies viewed in a microfcopc. 
The ftiadow of a fibre, however opaque, placed in a pencil 
of light admitted through a fmall aperture, is always Some- 
what lefs dark in the middle of its breadth than in the pshs 
on each fide. A fimilar effeCt may alfo lake place, in fome 
degree, with refpeCt to the image on the retina, and impref's 
the fenfe with an idea of a tranfparency which has no real 
exiftence: and, if a fmall portion of light be really tranf- 
mitted through the fubftance, this may again be deitroyed 
by its interference w^ith the diffraCted light, and produce an 
appearance of partial opacity, inftead of uniform f^itranf^ 
3 parepey. 
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ppre^y* llius^ a central dark fpot, and a light fpot fur* ' 

roi^nded by a darker circle^ may refpe'61ively be produced 
in the images of a femitranfparent and an opaque corpufde ; 
and imprefs us Mrith an idea of a complication of flrudure 
which does not exift. In order to dete6t the fallacy, we 
may make two or three fibres crofs each other, and view a 
number of globules contiguous to each other ; or we may 
obtain a Hill more effedtual remedy by changing the magni- 
fying power ; and then, if the appearance remain conflant 
in kind and in degree, we may be affured that it truly repre- 
fents the nature of the fubllance to be examined. It is na- 
tural to inquire whether or no the figures of the globules of 
blood, delineated by Mr. Hewfon in the Phil. Tranf. Vol. 

LXlll. for 1773, might not in fome meafure have been in- 
fluenced by a deception of this kind : but, as far as 1 have 
hitherto been able to examine the globules, with a lens of 
onc-fiftieth of an inch focus, I have found them nearly fuch 
as Mr. Hewfon has defcribed them. 

REMARKS ON THE COLOURS OF NATURAL BODIES. 

Exper, 5. 1 have already adduced, in illuflration of New- On the oloun 
ton’s comparifon of the colours of natural bodies with 
of thin plates, Dr * Wollafton’s obfervations on the blue light 
of the lower part of a candle, which appears, when viewed 
through a prifin, to be divided into hve portions. I have 
lately obferved a iimilar inflance, flill more flrongly marked, 
in the light tranfmitted by the blue glafs fold by the opti- 
cians. This light is feparated by the prifm into feven dif- 
tind portions, nearly equal in magnitude, but fomewhat 
broader, and lefs accurately defined, towftrcVs the violet end 
of the fpeclrum. The firft two are red, the third is yellow- 
irti green# the fourth green, the fifth blue, the fixth bluifh 
violet and the feventh violet. This divifion agrees very 
nc*arly with that of the light rcfleded by a plate of air 
of an inch in ihicknef'?, correfpouding to the 11th feries of 
red and the Idtii of violet. A fimilar plate of metallic oxide, 
would perhaps be about ttuuu thicknefs. But 

it muft be confelfed, that there are Orong reafons for believing 
the colouring particles of natural bodies in general to be in- 
comparably fmalier than this; and it is probable that the 
analogy, fuggeited by Newton, is ibmewhat lefs clofe than 

he 
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he Imagined. The light ref1e£led by a plate of air, ^njr 
thicknefs nearly correfponding to the Ilth red, appears ter 
the eye to be very nearly wihite; but, under favourable cir- 
cumftances, the 11th red and the neighbouring colours may 
IHII be didinguiflied. The light of fomc kinds of coloured 
glafs is pure red ; that of others, red with a little green : 
foine intercept all the light, except tiie extreme red and the 
blue. In the blue ligiit of a candle, expanded by the prifni, 
the portions of each colour appear to be narrower, and the 
intervening dark fpaces wider, than in the analogous fpe£lrum 
derived frotn the light redefled from a thin plate. The light 
of burning alcohol appears to be green and violet only. The 
pink dye fold in the iliop<, which is a preparation of the car- 
thamus, a£Fords a good fpeciraen of a yellow green light regu^^ 
larly redcdled, and acrimlon probably produced by Iranfmiirion. 

■VJ, EXPERIMENT ON THE DARK KAYS OF RITTER. 

Exper, (). 7'lie exigence of folar rays accompanying light, 
more refrangible than the violet rays, and cognifable by their 
chemical edecls, was tirft afce^iained by Mr. Ritter: but Dr. 
Wolladon made the fame experiments a very (hort lime after- 
wards, without having been informed of what had been done 
on (heConlinent. Thcfe rays appear to extend beyond tlie violet 
i;aysof the prilmatic fpcclriim, through a (pace nearly equal to. 
that U'liich isoccupied by the violet. In order to coin|)lete the 
compaiiron of their properties with thofeof vifible light, I was 
defnousof examining the elTecl of their redettion from a thin 
plate ol air, capable of producing the well known rings of co- 
lours. For this purpofe, I Ibrined an image of the rings, by 
means of the fojarnnicrofcope, with the apparatus which I 
have deferibed in the Journals of the Royal Innitiilion, and I 
threw this 'image on paper dipped in a Iglutvon of nitrate of 
filver, placed at the ditiance of about nine inches fri^ the 
microfeope. In the courfe of an hour, portions of three dark 
rings were very dillmflly viiible, much fmaller than ihebright- 
eft rings of the coloured image, and coinciding very nearly, 
in their dimenfions, with the rings of violet hght that appeared 
upon the interpofnioii of violet glafs, 1 thouglit the dark rings 
were a little fmaller than the violet rings, but the difierence 
was not fufficiently great to be accurately afeertained ; it might 
be as much as or the diameters, but not greater. Ij 

is 
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is ih# Icfs fiirprlfing that the difference (tioulcl be fo fmalf^ as 
the (iimenfions of the Coloured rings do not by any means vary 
at the violet end of the fpedtrum, fo rapidly as at the red end. 

For performing this experiment with very great accuracy, a 
helioflate would be neceflary, fincc the motion of the fun 
caules a flight change in the place of the image; and leather^ 
impregnated with the muriate of filver, would indicate the 
effedl with greater delicacy. The experiment, however, in 
its prefent ftate, is fufficient to complete the analogy of the 
invifible with the viable rays, and to fhow that they are 
equally liable to the general law w'hich is the principal Tub- 
je£l of this Paper. If we had thermometers fufficiently deli- 
cate, it is probable that wc might acquire, by fimilar means, 
information flill more intcrefling, with rcfpedl to the rays of 
invifible heat difeovered by Dr. Herfchel; but at prefent there 
is great reafon to doubt of the prafticabiiity of fuch an expe- 
riment. 

SCIENTIFIC NEWS, ACCOUNT OF BOOKS, 

National fnjliiute. 

The clafs of mathematical and phyfical fciences of the National Infli- 
French National Inflitute had a public fitting on tlie (5th Mefli- poies. 
dor (June 25.) The fubjefls appointed for prizes were the. 
following: 

Mathematics. It is required to give a theory of the per- Planet PaJI«. 
turbations of the planet Pallas, difeovered by M. Olbers.'' 

The prize will be a gold medal, weighing one kilogramme, 

(35j0Z. avoirdupois.) 

Natural Philofophy. The clafs had propofed for the fubjefl Carbon In vege- 
of a prize the following queftion. '* To determine by experi- *****®^* 
ment the different fources of carbon in vegetables.'* The 
(;oncurj;^nce is prorogued until the 1(1 Germinal in the year 13 
(Mtfrch22, 1805.) 

The concurrence for the prize upon the following queflion Torpid Hate of 
is alfo prolonged to the fame period. To determine by ana- ^®**"'*^*'*» 
tomical and chemical obfervations and experiments, what are 
the, phenomena of the torpid fiate to which certain animalsi 
fuch as marmots, dormice, &c. are fubjeft during the winter, 
with refped to the circulation of the blood, refpiration, and 
irt(itability ; to invefligate the caufes of this Heep, and why 
it is peculiar to thefe animal'^.'* 


The 
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Tlie vnlde of theft two priwea is doubled, ud coiiAAs li 
two kilogrammet of gold stout 6B00 francs each (c£2d9.) 

The clefs had propofed for the fecond tirne^ the I5ih Ger« 
iDinaf of the year 10 ^ as the fubjeA of a prize to be decreed 
in the public fitting of Meilidor, the following ^ueftton. 

What are the charaders wbiefa difiinguiflf, in vegetable 
end animal matters, thofe bodies which ferve as ferments from 
thofe in which they produce the (late of fermentation/* 

The memoirs received not having anfwered the conditions 
of the prograhi, and the clafs confidering that this qneiiiofi 
has been four years before the public, the fubjeft is now with** 
drawn, 

Aftronomy. Mr. Pia^i of Palermo has obtained the prize 
founded by M. De Lalande, in favour of the perfon who fliall 
have made the mofi intereiling obfervation, or written the 
moll ufeful memoir to the 4 >rogrers of aftronomy. Mr. Ptaeei 
is the difeoverer of the planet Ceres. ^ 

The readings delivered during the fitting were as follows 
1 . Notice of the labours of the clafs during the year 3 the 
mathematical part by M. Datambre. 2 . Notice of their to 
tours ; the phyfical part by M. Cuvier. 3 . Account of a 
phyfico-mathematical theory of currents of water, by M. 
Prony. 4. A note refpe^ling the amelioratien of (beep in the 
fouth of France, by M. TeflTier. 5 . General reflexions on the 
produXions of the vegetable kingdom in the Pyrenean moun- 
tains by M. Raymond* 6 . RefleXions on heat, by Count 
Rumford. 7. ExtraX of a memoir tending to illuflrate the 
oeconomical hiilory of vegetable.s cultivated or naturally grow- 

ing in the Canaries, by M. BroulTonet. 

« 

• » 

Extras of a Letter from PaoFESsoa AJIronomer Reyat, 

, to Mr, A, F. Thoelden* ^ 

Dated Berlin, Sept. 18. 

ON the firfi of September Mr, Harding difeovered, at 
lilienthal, a new moveable fiar ; it appears to be of thcoigkth 
magnitude; its motion retrograde towards the South. PlroMk 
bly this may be another new planet m the orbit of Cores aod 
PuUaa. 





seiiNTiric vbwiy &c. 

IftSapt. lO^.—Even, RA. 2® Q4f Decl. 0® S7'— N* 

5 L- 11 8' - 1 51 51" - 0 II 26" S* 

H — 8 11 . 1 .29 28 - 0 47 19 - 

10 — 8 15 . 1 12 55 . I 11 55 - 

Tlie two lafl; obfcrvations w«re made by Dr. Olbers^ at 
Bremen. I received this intelligence yellerday« but at prefent 
this fmall planet (there are now three) is not difcoveraUe, on 
account of the moon^lhine. 


Extract of a Letter from Mr^ G# B. Ga enough. 

» a * • There is an overfight in the hafty account I fent ComAionof • 
you of the Abb6 Melograni's blow-pipe. No provifion is 
made for admitting the external air. This may be done by grani*s Mow- 
feveral means. It may be admitted through that part of the P'P^* 
axis which is oppofite the nozel; bat as this would require 
Tome contrivance which would render it defe£tive in (impli- 
city, 1 thould prefer ths addition of a fmall valve opening in- 
wards at that part of each veiTel which is immediately oppo* 

/ite the neck that joins them. Whether this method was ufed 
in the a6lual inftrument 1 cannol^ at this diflance of time^ re* 
colle^I. 


Organic Remaim of a former World. An Examination ff the 
Mineralized Remains of the Vegetables and AnhnaU of the An^ 
tediluviun World, generally termed extraneous Fojfils, By 
}am£s Parkinson^ Hoxton, Vol. I. containing the Vege* 
table Kingdom. 4to. pp. 471. vsith 10 Plates {^2 2 0) 

Robjbn, fyc. 

AS it 'would be impracticable in the general announcement Psrkinfon's or- 
of a work of the magnitude and importance ot the prefent to 
give the reader any well hlled outline of the plan, Prouii con- 
fine i^felf to Bate in few words, that the defeription and elu- 
cidation of organic foliil bodies, though in many points of 
view of the highefi interefi, has not yet confiituted the fub- 
jed of a general treatife; notwithfianding the various confi* 
derations refpeding the local, the individual, and the diemi- 
cal hiftory of thefe wonderful bodies have occupied the re- 
fearches of many able philofophers in detached memoirs ; and 
that the compofition of fuch an hiftory demands a great ex- 
ertion of l^our, in confulting and digefting what has been 

dona 
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firkSiroii*f or. done by others an accurate, geolopcal, and chemical 
game remaioi. which fcientihc coTiclufions Of deductions 

may be grounded, and above all, an ardent curioiity, with 
adequate lerfure and means to become acquainted with the 
fpecimens themfelves: — And, after this preface^ 1 muft add, 
that fortunately for the advancement of this branch of know-* 
ledge, the author of the prefeiit work has amply vindicated 
his claim to thcH^ reqiiifites. 

The work is written in the form of letters, and enlivened 
by an adoption of the (lyle and feme of the incidents of a 
traveller. Much of ufeful fcience and clear explanations of 
the fubjeCt are to be found in the pages of this volume. The 
abridgements from other authors are full, and the quotations 
always given with the volume and page, which 1 mention 
more readily, as a flovenly habit of loofe quotation, or not 
quoting at all, is but too common, even with our writers of 
merit. Nine plates of the fubjeCis are given, which do the 
highefl credit to the defigner and engraver, Springfgutb, for 
their delicacy and beauty, and confiderable pains have been 
taken in colouring them. Thg frontispiece, reprefenting the 
Ark upon Mount Ararat, deligned by Corbould, is happy and 
appropriate; though the artlfl has taken a piClorial licence to 
^ reprefent the fun and the rainbow nearly on the fame azimuth, 
for which neither opticians nor correCt obfervers will be dif. 
pofed to excufe him. 

The volume yet to be publifhed will contain the animal king- 
dom ; a fuhjeCl perhaps ftill more attractive than the vegeta- 
ble. In the remains of extinCt vegetables, we appear to con- 
template the phyfical economy of a world long ago obliter<^ 
ated ; but in tliofe , of animals, we feem to behold fomething 
that gives a glimpfc into the moral relations of tliofe beings of 
pad ages who exided upon its furface. 
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•ARTICLE I. 

bejbripium of a Tallow Lamp, which regulates its Supply hy a 

Jpoataneous Movement. By Mrijoviu Whitley Boswell. 

ComnUmicated by the Inventor. 

To Mr. NICHOLSON. 

SIR, 

The con Rant aUention which candles demand from theDefcrlptionofa 
frequent fnuRing they require, and the continued variation *»®pf«fhuroina 
of (heir light in the intervals of ibis operation, on the one ^ * 

hand, and on the other the expence and trouble which oil 
lamps occaRon, together with the difagreeable fcent they in 
general produce, have rendered the contrivance of a good 
lan)p for burning tallow, a defirable obyedt to fevbral for a 
long tjpe* 

t hope, therefore^ the defcription I fend of a lamp for this 
purpofe, which poflefles fome valuable properties, will be 
acceptable to you. 

The befi lamp for burning tallow which I had Teen before 
I contrived this, was one invented by Mr. March, of Bam- 
fiaple, in which the talldw kept contfnually melted in a vedel 
fufpended over the flame, was admitted by a fmall pipe to the 
bamr, ,andlbe fapply regulated by a kiml of cock attached 
' VoL, lX.**NovEMBBa, 1804. L % 
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^ Defc|jptio]X9f a to the pipe : But this method occalioned a wafte from the 
evaporation of the melted tallow, and befides, required much 
attendance to regulate the cock and keep the tallow velTel at a 
proper difiance frogs the flame; fur the alteration of the tem- 
perature of the melted tallow, which was very frequent from 
many caufes, continually changing its degree of fluidity, 
caufed it to vary in its fupply through the pipe propor- 
tionally. 

It occurred to me fome time after 1 faw this lamp, that one 
might be contrived in which the tallow fiiould only be melted 
as it was confumed, and other of the inconveniences be re- 
moved to which the firft was fubjecl; and I made then a 
rough drawing of a lamp for this purpofe, but other more 
interefiing matters prevented my having one made on that 
plan before lafi December : It confified of a trough fupported 
in an inclination of about 45 degrees, fimilar to the one in the 
figure, which held a fquare prifm of tallow ; under this was 
placed a little oblong veflel of tin, formed fo as to move for- 
wards and backwards like a drawer, in front of which was 
placed a burner : a couple of wires placed acrofs the lower 
part of the trough, prevented the tallow from Hiding down 
beyond them, as it olhcrwife would from (he obliquity of its 
fupport; but as it melted. by the heat from the burner, it 
fell in drops into the little drawer, fo as to fupply the flame, 
while the degree of this fupply was regulated by moving the 
drawer in or outf fp as to bring the burner nearer to, or fur- 
t)ier from tlie tallow. In this fiate, though it formed a very 
ufeful lamp, it was not fp perfed as 1 could wifli ; every al- 
teration of temperature of the apartment (which in cold wea- 
ther happens frequently} required a proportional alteration in 
the difiance of the burner from the tallow, to prevent the 
little dravver being either overflowed by a fuperabundance of 
melted tallow, or the flame ceafing from a deficiency of fup^ 
ply. The attendance this circumfiaqce required induced«me 
to contrive the prefent lagop, or rathjsr to improve the former, 
in manner following. 

I conceft^ed (ba{t if the little pan, which held the melted 
tallpw end tlie burner, wa^ placed on the arm of a balance 
inclined from 30 to 45 degrees from the perpendicular, and 
its i^cight copipenfated by a counterppife at the extremity of 
thp other that vyhfin more than a certain' quantity of tab 
V low 
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lOvIr Jan into it* U would fink lower, and, in doing fo* mdveDetcriptJoj ofa* 
the burner farther forward from the trough at the fame lime, buniVti 
and rice verfut and thus regulate the fupply fpontaneoufly : 

Blit as it was necefiary that the pan (holding a fluid.) (hould 
always maintain an horizontal pofition during its movement, t 
imagined this might be effeded by placing another arm be* 
neath the balance-arm, and fixing a perpendicular piece, 
fo jointed to the extremity of each as, to move frefli and 
fieadily, which piece fliould fupport an horizontal fiand for 
the pan. 

I had a lamp made in this manner, and found it anfwer my 
intention perfedly. It required no attendance whatfoever, 
but regulated its fupply with precifion ; and afforded, like* 
wife, an agreeable fpedacle, having in its movements fome- 
what the air of thofe of an animal, from their cxa6t rela>» 
tion to an evident object, and adopting themfelves to all its 
changes. 

The lamp thus niade aflfumed the form in the figure, PI. IX. 
where T reprefents the inclined trough for holding the tallow; P 
the pan for catching the tallow ^as it melted, and holding the 
burner ; F the flame and burner ; R the perpendicular piece 
fufiaining a fupport for the pan ; B the balance moving freely, 
on its center in the fiand S, and jointed to R as before de- 
feribed ; c the parallel arm ufed to keep R perpendicular, and 
by its means horizontal ; w the counter weight, placed fo as 
to move on the extremity of B by a fefew. The firft frofty 
night (hewed me the necefiity of the addition of another part 
(o remedy an inconvenience 1 had not forefeen ; the dropping 
tallow afluming the form of an ificle, joined the pan to the 
trough, and thus flopped its movement ; it was trouble- 
fome to break this off as it occurred, I contrived the follow- 
ing means to prevent its formation : A little oblong Hiding- 
piece^ the fame breadth as the trough, was placed clofe un- 
dcfnealh its lower part ; the extremity of this Aide was made 
angular, that the melted tallow might fail from a Angle point; 
a wire reprefented at L, moved it back or forwards as re- 
quired : By this Hide the drop may be made to fall as clofe 
to the fiream of burning air from the flame as is thought fljt, 
and all congelation prevented. 1 afterwards added a fort of 
reflector to the lamp, which confiderably improved the light^ 
not merely afling as its name implies, but alfo occafioning an 

L 2 incrcale 
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Defctj^n of a increafe in the current of air which pafled the flaine^ rei)^ 
fomewhat more bright, and confiderably more fleady. 
This part is reprefenled at D in the figure, and coniifts of two 
fide-pieces placed before the trough, but fo as not to obllru^l 
the tallow, and bent forward to form an angle with its tides. 
To improve the light, I alfo ufe in the lamp five fmall diiiindt 
wicks, of three threads each, inftead of one large wick, placed 
near each other in a row, which renders the flame clear and 
free from fmoke, and thereby alfo prevents any unpleafant 
fcent. I ufed this lamp for more than three months, and 
found it very convenient for reading or writing by, as when 
once lighted it required no farther attention, and kept its 
light at nearly the fame height at all limes, and of the fame 
degree of intenflty ; and I can further recommend it, as 
yielding the greateft light at the fmallefl cod, in proportion, 
of any invention yet made public which is applicable to do- 
meflic ufes. , 

I have had two lamps of this kind carefully made by Mr. 

• Lloyd, No. 178, Strand, and left with him as models: In 

one of which the chief objedl^is cheapnefs, as far as coniiftent 
with perfection and neatnefs ; in the other, to form an elegant 
utenfil for the fludy, office, or chamber; and any gentleman 
may be fupplied with them there, made exa^Iy to my plan, 
on leafonable terras ; and as Mr. Lloyd is the only perfon 
at prefent appointed to make them, and inflrucled fully in the 
mechanifm, they can be had perfedt from him only. 

It is probable wax might alfo be burned in this lamp as 
well as tallow : of this I cannot fpeak from experience, but 
mention it, as I know fome would prefer to ufe it. . 

I am*. Sir, 

« Your very bumble fervant, 

J. WHITLEY BOSWELL. 

0<3. 1, 1804. 
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• II. 

Account qf a JUccqpifvl Caji in which Deofnefi was cuttd by 
PunSture qf the Metnbrana Tympani. By M. Maunoir, qf 
Geneva, Commumcafetf Alexander Makcet, M.D. 

Phyfician to Guy’s Hojpital. 

To Mr. NICHOLSON. 

SIR, 

The inclofed communication on the effe6ls produced in a introduAory 
cafe of deafnefs by the perforation of the tympanum of the**^^*’* 
ear, is extradled from a letter which 1 have jutl received from 
Mr. Maiinoir« an eminent furgeon at Geneva. The hiftory of 
this cafe, drawn up by fuch an intelligent and accurate ob- 
ferver, appears to me curious, both from the phytiological re- 
marks which it contains, and from the Ariking illuftration 
which it affords of a new mode of praSice lately propofed in 
this country. And* as this fubjedt feems fully as interefling 
in its philofophical point of view, as in its connedtion with 
pradtical furgery, I (liould wi(h« if you think it proper, that 
you would give it a place in the next number of your valuable 
Journal, I have the honour to be. Sir, 

Your obedient humble fervant, 

ALEXANDER MARCET. 

fto Mary Axe, Oa. 16 , 1804 . 

Extraa of a Letter from Mr. Maunoir, furgeon at Geneva, 

(luted 5ih September, 1 804. 

" Mr..F. of Geneva, aged forty years, had loft his hearing, A gentleman 
feveral years ago, in confequence of a Jc/hg^affedlion of the 
pofterior part of the internal fauces, and it was evident, that, years extremely 
in this cafe, the euftachian tubes were obliterated. In con- 
denfipg the air in his mouth and nofirils, he was totally unable 
to diftend the membrane of the tympanum, a thing which is 
very eafy to do for any one who enjoys a perfedi feiifc of hear- 
ing. He could fcarcely hear, even when you (houted in his 
ears, and althdugh fo long deaf, he bad not acquired the fa- 
culty of underftanding by the motion of the lips. After pe* 
ruling the paper which 1 lately publifhed in the Bibliothdque 
Britannique, Mr. F. conceived that he might be one of thole 
in whom the hearing could be recovered by the perforation of 

the 
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one ear* 
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Punalirc of the the lympanum. On the 14*th of Jul)f laft, I performedUhat 
operation on his right ear, in prefence of Mr. Jurine, with a 
very fmall trocar, about one eighth of an inch in diameter* At 
the indant that the infirument was withdrawn, we fpoketo 
him in a low voice; but indead of anfwering, be remained 
immoveable in his chair, and feemed dnpified. — Then he ex- 
claimed For God’s fake gentlemen, don’t cry out fo loud; 
you hurt me!” I then began to walk about the rooiDr — The 
fqueaking of my boots made him (liudder and jump in his chair i 
and he covered his ear with his hand. The fnapping of the 
fingers quite didracted him, and feemed to produce upon him 
an fimilar to tlial of a pidol fuddenly fired in the car of 

a perfon not aware of it. When fpoken to, though in a whif- 
per, he complained that we fpoke too loud. Yet in Ipite of 
this exceffive fenlibilily to very incondderable noifes, there 
were other founds, not lefs didinft, whicii he did not hear, 
even at a very little di dance; fuch for indance as the ticking 
of his watch* So that his hearing feemed to be fometimes too 
dull, fometimes too acute; becaufe, no doubt, the organ had 
lod the faculty of adjuding itftif to the different modulations 
of found* A week after this, however, Mr. F. had lod that 
exceffive fenfibility which rendered acute founds almod in- 
tolerable to him, and in fa£i he had already again learnt to hear. 
He then wifhed to have the other ear perforated in the fame 
manner. I performed this operation, but without effedl. — 
Twenty days after this fecond operation, Mr. F. called upon 
The other ear me. 1 examined his ears in a fine fun fhine, and could fee in 
out effeft tympanum travel- fed in its 

exterior part by a fmall cicatrix, having in its center a fmall 
hole which was hardly perceptible. Yet the hearing was 
fcarcely d<mini(hed dnee the hrd operation. Fearing that this 
fmall aperture might clofe itfelf entirely, Mr. F. deli red that 
I would perforate again the membrane of that ear, anVpfjra- 
tion which was repealed without giving him any pain, but not 
w'ithout a flight increafe of fenfibility in his hearing. I after- 
wards examined the left ear, and having placed the meatus in 
the direction of the fun’s rays. I diflinclly perceived a falfe 
membrane adhering to the whole circumfereijce of the paflage, 
and perfedlly fimiiar, in its form and fiiualion, to that of the 
tympanum, the dlflance between the tw'O membranes being 
fcarcely one flxth part of an inch. I took off at once this 
4. fklfe 
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falfe« membrane with a pair of tweezers, and difcovered be- 
hind it, the tympanum, quite found and entire. 1 thought it 
probable that, in the fecond operation, 1 had only touched 
this falfe membrane. I immediately perforated the true one, Repetition of 
and was furprized (as well as my brother who attended this 
operation), to find that, although Mr. F. had already learnt fimilar pheno- 
again to hear with the right ear, yet the refloration of his hear- “****• 
ing in the left, occafioned in him the fame effects of wonder, 
and of exceffivefenfibility to the lead unexpedted noife, which 
he had experienced after the hrd operation. This inconveni- 
ence, however, has not been of longer duration in this ear, 
than it had been in the olher.'^ 


III. 

Letter from Mr. Timothy Sheldrake, expofing the Errors 
of M. Tingrj/ refpcBing Copal Varnfjhes; with fame farther ln» 

JlrudHons concerning the fame. 

^ (Eeceived Oa. \6, 1804.) 

To Mr. NICHOLSON. 

SIR, 

TINGRY, profefTor of chemiftry, &c. in the academy Tingry in his 
of Geneva, has publillied a treatife on the art of making and yj^nUhTs--”* 
applying varnifhes; with new obfervations and experimetits 
on copal, &c. &c. A tranflation of that work has lately 
appeared here, and at p. 157 of that tranflation 1 find the fol- 
lowing paflage. , 

Mr. Timothy Sheldrake mentions camphor as a medium 
for diffolving copal in effence* and alcohol. He gives alfo an- 
other procefs, in which ammonia (volatile alcaline fpirit of fal 
azhlrfoniac) in the proportion of an eighth part of the eflence 
employed, is fubftituted in the room of camphor. 

Exper. i. Of the three proceffes which he deferibes, I ^rwffca 

repeated two : thofe which regard the folulion of copal in ef- for difTolving 
fence and in alcohol by a mixture of camphor. That with ef 
fence did not Jkcceed. The author himfelf announces that he 

* Throughout the book this word isufed to dcfchbe what we call 
rpirijt of turpentine. 
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always failed, except when he obtained the eflence from ape* 
thecaries ball. It appears that this eifence had by chance all 
thofe eflential qualities which we endeavour to give it by time, 
and Aill more fpeedily by the influence of light, 
aorvididcohol. Exp. II. The fame experiment repeated with pure alco- 
hol was attended with too little fuccefi to make tfie refult be con-, 
Jidered as a varmjh» The alcohol appeared milky, and the 
copal formed at the bottom of the veflel a mafs which did not 
feem to have decreafed in volume. Next morning the inter- 
pofed part of the copal, which altered the limpidity of the al- 
cohol, was precipitated, and adhered to the tides of the glafs. 
The procefs I have deferibed for fpirituoiis tin6lure of amber 
would give more hopes of fuccefs without any intermediate 
fubtlance.^* 

'' In regard to the means propofed by the medium of am- 
monia, the faline nature of that liquid, if the procefs ficceeds, 
will not admit of the produ6l being placed in the clafs of var- 
nithes deftined for delicate painting. It is a kind of fapomce- 
ous compound, the ufe of which is not to he recommended in fuch 
cafes.^^ 

The paflfage above quoted undoubtedly relates to a paper 
which I communicated feveral years ago to the Society for the 
Encouragement of Arts, &c. 

This paper was wholly tranferibed ♦ into fome periodical 
publications, and parts of it into others ; it may therefore be 
neceflary to obferve that when reference is made to the original 
paper, it mud be underflood to mean as it was printed in the 
Society ’3 Tranfadlions, and not to any imperfect ei^trafts that 
may have been made from it. 

Mr. Tingry ^104^ have been feniible of the danger in op- 
poflng a ronjedliire or opinion purely Jpeculativc, to what is de- 
fpeculath 7 sg^n& Scribed as a fact that had been demonfirated by experiment. Since 
it is more probable that the conjedlure (hould be unfoun^?4f 
the opinion untrue, than that a man (hould forfeit his reputation . 
with the public by relating that, as having been demoqflrated 
by experiment, which the perfon W'ho contradifis him fays 
cannot, in the nature of things be true, even if the proceft 
JUccee^s : As it is the intention of your valuable Journal to pro- 
mote the caufe of fcience, and as that caufe will be as efledl- 

^ See our Journal, I. i?60, 
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nall^ferved by the detedtion of errors, as by the promul^tion 
.of new fafts, I truft you will favour me by inferting thefollow* 
ing obfervations on thofe palTages which 1 have quoted from 
Mr. Tingry^s work ; beginning with that in which he attempts 
todemolith one part of difcovery (if it may be fo called) with- 
out ufing one experiment as the inftrument of deftrudtion. 

" In regard to the means propofed by the medium of am- 
monia, the faline nature of that liquid, (f thtprocefs JUcceeds, 
will not admit of the produSt being placed in the class of var- 
nishes, deflined for delicate painting; it is a kind of fapona^ 
ceotis compound^ the ufe of which is not to he recommended infuch 
cafes 

In oppofition to all this I have but a fimple faft to produce: Inftances of ^ 
viz. It is many years fince I diffolved copal by the procels al- thVcopJ 

luded to; and adually varnifhed feveral pi£turos with the folu-many years ago, 
tion fo prepared; thofe pictures appeared to ftiine, or bear out, exceu" 

as artifts call it, asyvell as if they had been covered with any lent coiididon. 
other varnifl); the colour of the varnitli has not changed in the 
Icatt, w'hich mod other varniflies would have done in the fame 
time; they have dood in a fmdky houfe in London the whole 
time, have been repeatedly wafhed with warm water, and 
cleaned with fpiritof turpentine; and notwithdanding all this, 
they dill preferve their glody appearance undim ini died. If a 
folution which is proved by the experience of many years fo 
poflefs thefe properties in an eminent degree, does not deferve 
to be admitted into the clafs of varnifhes, it js not eafy to tell 
to what fubdance Mr. Tingry will grant that didin£lion. 

Having faid thus much for the fa&, we may venture to pro- The ammonia 
cecd to the theory : When ammonia and copal were mentioned, 
the combination of both thofe fubdances with ‘die fpirit of tur- compound; but 
pentine appeared to Mr. Tingry to be fo much a jnatter of 
courfe, that he took it for granted, and drew all the conclu- ^^gnccl " 
iiot^%om it without making a (ingle experiment to prove the 
re^ty of the fa6l, had he done fo, even he, with the drong 
prejudices he evidently has upon this fubjedt, might have 
doubted if the ammonia entered into the compojition at all; to me 
it appears, after attending carefully to the phenomena of the 
folution, that it does not; but without determining politively 
on the fubjefl, I (hall deferibe thofe phenomena, and leave 
youf readers to judge for themfelves. 


The 
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The copal muft be grofsly powdered and put into a tonve- 
nient glafa veflel; the fpirit of turpentine and ammonia muft 
be well (haken together^ and the mixture poured upon the co- 
pa); the vetlel clofed, and fo much heat applied as fhall, as 
fpeediljr as poOible, make the fpirit boil fo flowly that the bub- 
bles may be counted as they rife to the furface; if this is ikil- 
fally performed, the folution is feen to take place in the follow- 
ing manner; the mixture has a milky appearance when firft 
applied to the copal ; the upper furface hrfl becomes clear, the 
cloud gradually fubfides, and attaches itfelf to the copal, which 
fwelis and becomes opaque; aportioti of it in a ditfolved (late 
gradually exudes with the air bubbles, and difl'ufes ilfelf in the 
fpirit, and this continues till it has taken up as much as can be 
fufpended in it ; no more is then ditfolved; It is on the (kilful 
management of ihefe circumliances that the (uccefs of the 
procefs depends; (or, if lefsheat than the degree required be 
given, the folution (lops; if more, the bds of copal indead 
of being opaque and adhering together at the bottom o( the 
vefTel, refume their tranfparency, and are agitated feparately 
by boiling of the fpirit; ancf when either of thefe accidents 
happened, I could never afterwards dilfolve the fame portion 
of copal either in the fame or any frcfli portion of fpirits. If 
1 might venture to explain thefe phenomena, i fhould fay, that 
the ammonia gradually quits (he fpirit of turpentine, and unites 
with the copal, and reduces it to fuch a (late, that with the 
afiidance of the peculiar degree of heal that 1 have deferibed, 
the fpirit of turpentine is enabled to diffolve fo much as will 
form a varniAi ; but, if eillicr more or lefs heat is applied, the 
copal cannot he ddfolved, aiul then the operation is abortive. 

Whether this etlplanation be fatisfadlory or not is of final! 

’ confequence, the exidence of pidlures in my potTeffion, which 
were varniQiud with this folution many years ago, and dill re- 
main more perfect than they would have been if coverlvi^wilh 
any other varni(b, is fufficient to prove that all Mr. Tingry Has 
faid on this fubje6l has not the fmalled foundation in truth. 

1 had examined all the books which I had accefs to, without 
getting any information refpefling the folution of copal for the 
purpofe of making vari>i(h, till in Lewis’s tranflation of Neu- 
man’s works 1 found the following, Vol. II. p. 27. " Solutions 
of copal have been greally edeeroed as varnithes, and the me- 
thod of making the folution kept a fccret in particular hands: 

Junker' 
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JuiikA informs ns that it readily ^fhcceeds, ifjpirit of faUammo^ 
mac, mixed with a due proportion of oil of Jpike or ml of tur^ 
pentine, be ufed as the menttruum/' Upon this tint I pro- 
ceeded till I had difeovered the procefs I have deferibed ; but, 
though the varnifli anfwered every purpofe I could wifti, the 
trouble oF making it being great, and the failure of the procefs 
fo frequent that 1 determined to feek for fome more con venient 
method. 

Having found that copal, when powdered and rubbed in the Invention of 
mortar with a fmall quantity of camphor, became foft, and in a tetter' medium 
few minutes, united in one coherent mafs, I conjedtured that by than ammonia, 
means of camphor, copal might be dilTolved in alcohol, and 
upon trial found (hat it might be fo diflblved, and rendered fit 
for the piirpofes of varnifli ; this I did, not by way of experi- 
ment, hut in confidcruble quantities and at various times ; fo 
often, that 1 am authurifed to fay, that if the materials are 
good, and the process I have deferibed in the Tranfadtions of 
the Society for Encouragement of Arts be followed, there can 
be no difliculty in making a colourlefs fpirit varnifli from copal ; 
and as a proof that this may be eftne, I fend you a fmall quan- 
tity that I made Tome time ago, and which will enable you to 
judge whether it deferves to be ** placed in the clafs of varnijhes.*^ 

But as it is improper, for many reafons, to varnifli pidlures Sp. of turpm- 
with any fuhftance diflblved in alcohol, I tried to diflblve Ihe 
copal in fpirit of turpentine by the intervention of camphor, 
and fucceeded ; not fo eaiily indeed as in alcohol, but always 
with the certainty of fiiccefs, when the precautions I have de- 
feribed were obferved; this has been uniformly the cafe with 
myfelf for feveral years, as well as feveraj artifts who have 
made the trial ; and it has now been provc*d by*many years ex- 
perience that copal diflblved, by means of camphor, tn fpirit of 
turpentine, is as colourlefs as the reiin itfelf perhaps as is 

(ince pidlures that have been varniflied many years alfo excellent, 
with it have been preferved without the lead change even in 
the colour of the varnifli, which would not have been the cafe 
had any other fubflance been ufed. 

As Mr, Tingry's experiments lead to very different concliiv 
fions, 1 am compelled to fuppofe, either that they were inac- 
curately made, or that the copal, camphor, alcohol, and* 

fpirit 

^ Mr. Tingry himfelf, as be fays^ tried to diffolve copal in fpirit 
of turpentine, and the procefs did not fucceed ; his notion that the 

fpirit 
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fpirit of turpentine in his country are very different from the 
fubffances which are fold by the fame names in this. 

My intention in communicatinji^ thofe papers to the Society 
was to affift thofe who are engaged in the pra6lice of the arts, 
by making public a method of making a varniHi that niuft be 
valuable to them : and 1 have been induced to trouble you with 
this, in hopes lhat« by printing it, you may prevent thofe falfe 
notions, which might be formed upon Mr. Tingry^s experi- 
ments from gaining credit; to uliich you will allow me to add 
fuch hints and improvements as may prevent difappointment to 
thofe who undertake to prepare this varnifti for themfelves in- 
Head of depending upon thofe who make it for fale ; this every 
artiff (hould do if he refolves to have it perfedl ; for, though 
I do not mean to fuppofe that every maker of varnifh will fub- 
iiitute inferior articles, yet it is certain that where the price of 
one article is higher, becaufe it is really valuable, and difficult 
to make, many dealers will fubflitute foipething inferior that 
produces more profit to himfelf, without confidering whether 
it may not be injurious to thofe who are to ufe it. 

I had feveral times givei^fome of my varnifh to an arlifi, 
who liked it fo well that he requeffed I would inflru6l him to 
make it himfelf, infleac! of making frequent applications to me 
for it : I procured him the necelTary apparatus, and gave him a 
written account of the procefs, with fuch verbal infiru{lions 
as I could add to it, and left him to procure his own materials 
and proceed to work by himfelf ; he did fo, and did not fuc- 
ceed in difTolving the copal ; he tried a fecond and third time 
with no more fuccefs; he then brought his materials to me, 
requefted that I would try if I could diffolve them ; which ex- 
periment would determine whether his materials vvere had, nr 
whether (here was any defedt in his manner of attempting (he 
procefs : this I refolved to undertake ; ufing the fame fpirit 


fpirit I ufed hnd hy chance obtained thofe powers fordifTolvinglbipal 
which he endeavours to give it by time, &c. is perfectly ridiculous. 
You and. your Englifli readers will know that in faying I did not 
fucceed when T ufed fpirit of turpentine from the colour /hops, but 
always did when I got the fpirit from Apothecaries Hall, I meant 
that at the latter place I always obtained the beft article of the kind, 
infiead of the inferior articles which are fold by the firme name in 
other places, though totally unfit for this purpofe. 

and 
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and capal which lie had thrice attempted in vain to diiToIve; * 

and at the fame time fubje^ing another portion of my own 
materials to the fame procefs in every particular : 1 fucceeded 
in both infiances : the only difference was that the folution 
which 1 produced from the materials which had been tried by 
my friend was not fo vifcid as that which was obtained from 
the frefh materials. 

As the procefs which I have ufed for feme time part is dif- Improved 
ferent from and better than that which 1 communicated to the 
Society, and has been publifhed in their Tranfadtions, I truft 
you will excufe me for defcribing it here; it is fuch an one as 
may be fuccefsfully ufed by any perfon upon a common fire, 
without any danger, and which any man of fcience, or who 
may chufe to adopt in a large way, may eafily modify fo as to 
anfwer his purpofe. 

Provide a ftrong veffel made of tin or other metal, it (hould Safe and cafy 
be fiiaped like a winp bottle and capable of holding two quarts ; ™g^copa° 
it will be convenient to have a handle ftrongly rivetted to the niA. 
neck ; the neck fhould be long and have a cork fitted to the 
mouth, but a notch or fmall holc^fiiould be made in the cork, 
that, when the fpirit is expanded by heat, a fmall portion may 
force its way through the hole, and thus prevent the veflel from 
burfiing. 

Diflblve half an ounce of camphor in a quart of fpirit of tur- 
pentine, and put it into the veiTel ; take a piece of copal the 
(ize of a large walnut, reduce it to coarfe powder or very 
fmall pieces ; put them into the tin bottle, fafien the cork down 
with a wire, and fet it as quick as pofiible upon a fire fo brifk 
as to make the fpirit boil almofi immediately ; then keep it 
boiling very gently for about an hour, whin fo much of the 
copal will be difibived as will make a very good va^nifh ; or, 
if the operation has been properly begun, but enough copal 
has np> been diflblved, it may be again put on the fire, and by 
boiling it flowly for a longer time, it may be at lafi brought to 
the confifience defired. 

The rationale of the operation I believe will be nearly as Explanatipn of 
followM : copal and camphor have fo firong an affinity for each i 

other, that when feparately powdered and then rubbed toge- 
ther, the copal abforbs the camphor, fwells, foftens, and be- 
comes one coherent mala; nor when once united do they eafily 

feparate 



OH COFAL VARNISHES. 


feparate again *. When the camphor is diflTolvcd in ih^fpirUi 
llie fmali bits of copal thrown into it and indanlly made to boil^ 
the motion of ebullition keeps (he camphor rufpended, moves 
the copal about in the fpirits, the furface of each bit of copal 
is didblved, and the whole of it foftened and enlarged, and by 
•—tnd why Mr. continual boiling may be diiTolved ; but niy friend did not pro- 
S/s friend failed, ^eed in this way ; he reduced his copal to a very fine powder, 
thinking, perhaps, that would facilitate the folution ; he then 
added the camphor, difiblved in the fpirit of turpentine, but 
fearful of giving too much heaty fet it by (he fide of his fire 
till it was warmed, then moved it into a warmer place, and 
at lad made it boil; the confequence was that the camphor + left 
tiie fpirit and united with the copal to form one folid coherent 
mafs at the bottom of the vetfel ; the thicknefs of lliis maf’’ 
prevented the beat from penetrating to the fpirit fo foon as 
otherwife would have done; and, when at lad it did boil, the 
camphor had entirely left it, and of courfe it was impollible 
that any folution (hould take place. ' 

Three limes was the folution attempted in this manner, but 
when on a fourth trial by my/elf a fufficient quantity of cam- 
phor was added and the boiling heat immediately applied, (he 
folution went on, but not fo favourably as in my other attempt, 
becaufo the copal was united into one mafs at the bottom of 
the vctrel, and no more could be expofed to the action of the 
folvent than the furi'ace ; but, in the other experiment the 
copal was broke into very (mail bits and the furface of each 
expofed to the full action of the tulvent ; of courfe a greater 
quantity was ditTolvcd in the fame fpace of time. 

Thelnftanceof Had this gentleman been fatisfied wdth the experiment he 
mentbned^might^*^^^ himffi[f, hg might have reported, from his own expe- 
hive been urged rlencc, that copal could not be ditfolved by the procefs 1 had 
againftthe del'cribed ; and yet in point of fadt, nothing could have been 

^ more untrue: from this it may be fairly deduced th^when 

perfons who are uniifed to fuch experiments do undertak^'iem 
they (hould be fcrupuloufly exadt in following the diredtiuns 

* Six months ago I reduced fome copal to this ftate; it has re- 
mained ever fince expofed to the open air in a hot room, and ftill re- 
mains foft, the particles adhering to each other. 

f When the fpirit of turpentine was poured off from the copal» 
it was perfeftly colourleft, and by the fmell did not in the Icatf in- 
dicate the prcfence of camphor. 

given 
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given to them, and on any apparent &ilure, refort to Ibofe 
whole experience may enable them to detect any fallacy there 
may be in the proceeding. 

As it is well known (hat foliition of copal is the mod valu- Remarks and 
able of thofe varnilhes which can be ufed for the finer works 
art, and as it is proved that by the procefs I have defcribed, 
thefe folutions may be eafily made by any one in almod any 
iitualion, it only remains to mention fome cautions which are 
necellary to enfure fuccefs. 

Fird, That the fpirit and camphor diould be united before 
the copal is added. 

Secondly, That the copal diould be grofsly powdered before 
it is added to the fpirit, the whole fhould then be made to boil 
as quickly as pojjible, but not viokntlvt and that ebullition fhould 
be kept up regularly till the folution be com pleat. 

There Teems to be no difad vantage in uiing too much cam- Effeas of an 
phor if it diould fo happen; but it is difadvantageous to 
in loo little copal ;* becaufe a certain quantity of fpirit will^fcopal. ' 
lake up a given quantity of copal; and if more is added than 
will be diffolved, the fuperabunillant copal will abdradl more 
camphor from the liquid, and thus render the folution more 
tedious and didicultf and fometimesi perhaps, entirely pre- 
vent it. 

The advantage that attends the ufe of glafs vedels is that the Glafs wtTels and 
folution may be feen all the time it is going on ; the difadvan-^^®^'^ of meui 
tage is that perfons who are not accudomed to fuch purfuitSi 
may inadvertently give too much heal, and thus fubjedt ihem- 
felves to ferious accidents; but by ufing vefTels of metal with 
the precautions 1 have given, no accident can happen ; (he 
only difacfvantage is that they cannot fee wjiat t]iey are doing ; 
this is of fmall coiifequence, as it may always be determined 
with fufficient accuracy by the ear whether the fpirit Goils, and 
to w hat degree ; and as no accident can happen, without very 
groMiiegledl, from the ufe of them, they certainly fhould be 
preferred. 

As I have written more than I at firft intended, I fhall con- Conclufioni 
elude with a requefl that you will ufe your diferetion in omit- 
ting any part or rejedfing the wlmle of what 1 have written, 
if you think the publication will not anfwer any ufeful purpofe. 

1 fend with U a fmaJl quantity of copal diffulved in alcohol, and 

another 
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* another in fpirit of turpentine, which will enable you to [alisfy 

yourfelf and your readers whether tbefe folutiuns dejtrve to he 
placed in the clqfis qf varnijket, and remain 

Your moft obliged fervant^ 

T. SHELDRAKE. 

No. 5, Montague-^Sireei, 

HuJfeUSquare^ 


IV. 

Reply to Mr., Dalton, on the Confiitution qf Mixed Cafes.. 

By Mr. John Gough. 

To Mr. NICHOLSON. 

SIR, Middlejuaw^ Oa. 16, 1801. 

CharsAcrof I DID not attack Mr. Dalton^s opinions openly, until be had 

Mr. Dalton's invited me to do it ; the attempt has been made on my part 
purfuant to his requeft ; and he has replied, but in a manner 
which Teems better calculated to amufe the fuperficial reader> 
than to convince the reafoner: For he treats the fubjedl, 
fometimes with acrimony, and fometimes with ridicule ; in 
the mean time his arguments are but few, and thefe appear to 
be negligently conduced. A bare infpeftion of his own letter 
will Tuppori the two firft charges, and I will now enter upon 
the defence of the third. 

Mr. Dalton begins by pronouncing the didindions which 1 
make betwixt, a fi¥5chanical hypothefis and theory, to be nu* 
gatory ; notwithdanding the caufes of thefe didindlions are 
fully dated in my Stri^ures. Now controverfy is of a nature 
which always obliges a man to point out the fallacy or^utility 
of his opponent, when he can do it with fuccefs ; but tRtV^has 
been ne^ledled by Mr. D. in -relation to my didindtions, and 1 
leave him to draw the inference which refults from thefe ob- 
fervations. 

Mr. D.*a Mr. D, proceeds, in the next place, to demondrate the fun- 

damental propodtion of his hypothefis; namely, the mutual 
penetrability of gafes which do not attract nor repel each other. 
For this purpofe he remarks, that oxigen repels oxigen, but 

not 
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not afisole. This affamption is fairly allowed to be a poflulate ^ • 

by Mr. Dalton ; and he then proceeds to obferve^ that this 
being admitted, it follows, that if a meafure of oxigen be put 
to one of azote, the oxigen finding it, viz. the azote, porous, 
enters its pores, and vice verjh^ &c. But here a fecoud and 
an effential poflulate is (lily introduced into the fyllogifm, un- 
der the form of ah inference ; bccaufe no ftrifl logician will 
venture to (ay that a body. A, mull be porous of necellily, 
becaufe it repels a body B ; on the contrary he muft conclude, 
that this miftake in his art dcdroys the detnonftration, and 
does not retrieve the dodlrine from the imputation of being an 
tiypotheiis. The (imile of the philofopher, cottager, and (ieve, Mr. D.’s fimile 
may be calculated to promote ridicule, but it is badly chofen ; 
for it is impodible to demonfirate the propofed problem from 
Eucli(l^s rOlements, becaufe this work confines its (peculations 
to ubflra6l figures and magnitudes. But a mathematician 
might demonfirate the fame to a brother mathematician, (rum 
the elements of the (bechanical philofophy ; and he ought to 
have his demonfiratiun ready upon demand, which is not the 
ca(e of Mr. D. in the infiance^of his fundamental propo* 
fition. 

It is a matter of fome furprife, that Mr. D. has drawn his TJ)c fccond pof« 
demonftration from the mutual aifedions aferibed of 

oxigen and azole ; feeing 1 had profelTedly attempted to fliew vapour and air. 
the fallacy of his fecond and eifential pullulate, by aferibing 
the fame affeflions to aqueous vapour and the permanent gaies 
of the atmofphere. This unfortunate choice obliges my oppo- 
nent to be content with a clifiant itde-view of the arguments 
which have been brought againfi him ; whereas a driller ob- 
lervance of the path * chalked out for him^ tn my Slridlures, 
would have given him an opportunity to confront tliem, and 
defend his atmofphere of deam. The thing howeVer has 
turned out, for fome reafon or other, as it is here reprefented ; 
and Mt?D. arrives very briefly at the following dngular con- 
cludon ; that though the demondration of my propodtion re- 
fpeding air and vapour, be rigid, the previous data are not 
corredlly aflumed. Now this is the point which I endeavoured 
to edablilh in the propodtion alluded to above ; for his fecond 
podttlate makes one of the incorreA data ; in fad, they are all 


hia 


* Pliil. Journ. Vol. IX. Page 53. 
VoL. IX.— Novembek, 130-I-. M 
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Ills own except this : If a particle of vapour can pafs freefy 
through the air« a fecond can alfo fucceed it at any given 
didance. My anlagonid will certainly grant me this con- 
ceflSon ; becaufc the falvation of his aqueous atmofpherc obliges 
him not to fufpedt it. Should this indulgence be extended to 
my Stridlures, the demondration in quedion mud be re-exa- 
mined with greater diligence by Mr. Dalton ; for if it cannot 
be refuted, it will manifedly do away his atmorphere of free 
vapour, by proving the abfurdity of his fecond podulate in the 
cafe of air and water ; and the fame obfervation may alfo be 
extended to all the permanent gafes which are not abforbed by 
water ; becaufe no fluid of this defeription forces water to pafs 
through its pores by preding upon it. 

After all, if we may judge from Mr. Dalton’s reply, he ap- 
pears not to comprehend my arguments on this fuhje^l : they 
have however nothing of novelty in them ; for the bed rea« 
foners in all ages have not heiitated to admit a hypolhclis is for 
the foie purpofe of difeovering its worth, by comparing the 
confequences refulting from it with known fadls. Tliis kind 
of argumentation was in great edeem with the Greek mathe- 
maticians, and Pappus of Alexandria has deferibed and re- 
commended this fpecies of logic under the name of the con- 
templative analyfis. 

Mr. Dalton fays, he is acquainted with no fa^s that coj^ 
tradi6l what I call his experimental probabilities. 1 can fir- 
nidi him with one to w'hich perhaps he is a dranger, and ^ 
mind him of another, which he will not difpute ; it will therSk 
fore be his budnefs to reconcile them to the hypothefis of an 
aqueous atmofphere. 

Mr. Kirwaii) in the courfe of his datical experiments 
'on air, condaiftly found a given bulk of it to be lighter, caUiU 
paribus, .when De SaufTure’s hygrometer was at 90®, (han 
when the atrnofphcrc was lefs humid. Now according to 
Mr. D.’s hypotlicfis, all the permanent gafes, of thi£.^ven 
bulk, had the fame weight both in the dry and moid date of 
the air ; becaufe they were of the fame denfity on account of 
the cittcris pai ibus : but the aqueous vapour was mod abun- 
dant when the weight of the aggregate was lead ; that is, the 
w'cight of vapour diminifhesi while its denfity increafes. Will 
Mr. D. admit the truth of the preceding conclufion, to the 
detrime nt of his own dodrine; or will he refute the infer- 
ence, by deriving the fadl? * - 


4 


Stcond, 
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Second, If the latter alternative (hould be preferred, the An t^perirrifint 
following experiment^ with which Mr. D. is already 'ac-s 
quainted, remains to be explained by the principles of his 
hypothecs, due attention being at the fame time paid to the 
axioms of Dynamics. 

A moitl bottle, which I had found would contain 7794 
grains of water of the temperature of 59^, was placed in 
water heated to 126^, having its mouth elevated about two 
inches above the furtace. This aperture was covered by my 
hand ; whidi was occationally removed for an in/lant, that the 
warm air might efcape. At the end of two minutes the bottle 
was inverted in cold water, the mouth of it being tirtl fecured 
in the manner deferibed above ; in which fituation the tem« 
perature of it was again reduced to 59^. The air remaining 
in it after refrigeration, occupied 6172 of the 7794 parts con- 
flituting die capacity of the bottle. From this fad 1 infer, 
that 6172 parts of air of 39®, will occupy 779+ fuch parts 
after being raifed to '/26^ in conlad with mold glafs. But 
6172 pans of dry air of 59®, will only occupy 6992X6 parts, 
after being heated to 126® in dry tube: Thus it appears 
that the prefence of water augmented the bulk of the air 
which 1 ufed ; how is this dithculty to be explained We 
have no ftopple of mercury in this experiment, by help of 
which Mr, D. explains the appearances of the manometer ; 
confoquently, as nothing was in the way to prevent the free 
egrefs of the vapour, it expanded itfelf in the bottle, and 
aded on the air contained in the fame, jud as it does in the 
atmidpherc. But it incrcafeO the bulk of this air, which could 
not be etfeded on Mr. D.’s principles, olherwifc than by dif- 
tending the pores of iU Now his own tabjos ot the force of 
vapour will fliew this to be impradicable, if there be any truth 
in the axioms of Dynamics. On the contrary, notliing oc- 
curs iir the tw'o lad experiments repugnant to chemical union ; 
and m water makes a pari of the atmofphere, it mud be at- 
tached to air by the mediation of affinity. 

1 have now done fomething more than anfwer all Mr. Recapitulation. 
Dalton’s objedions : the demondraiion of his fundamental 
propofition has been (hewn to be no demondraiion at all ; his 
fecond podulate has been proved to be falfe, by his own data, 
in the cafe of air and vapour ; ladly, two fad have been 
advanced which are inexplicable by my opponent’s prin- 
M 2 ciples : 
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ciples : After peruflng tliefe objedtions, can he blame ipe for 
rejedting his hypothefia. As for Mr. D.V remarks on my 
theory of mixed gafes» they require no anfwer ; becaufe he 
profelTes not to undertlMid it. I am wUling, however, to 
fubmit the merits of it, as well as its claim to the title of a 
theory, to thofe mechanical philofophers who happen to com- 
prehend it. 

JOHN GOUGH. 


V. 

On the apparent Size qf the horizontal Moon^ In a Letter from 
Mr. E2:eki£l Walklr. 

To Mr. NICHOLSON. 

DEAR SIR, 

HEN the full moon is juft rifing atove a clear horizon, 
flie is an objeft that pleafes every eye : But at the fame time 
that the pleafes the eye of the philofopher, Ihe enibarrafles his 
reafon, to aflign the caufc of her apparent magnitude’s being 
fo much greater near the horizon, than at higher elevations. 

When men in former ages began to reafon on this phenome- 
non, they imagined that the angle fublended by the moon, was 
really increafeil, by a refradion of her rays, in pafting through 
the vapours contained in the air, near the earth's furfac^. But 
when it became known that (lie fublended the leaft angle at the 
eye, when her apparent magnitude was greateft, philofophers faid 
that the eye was irapoft d upon by the long feries of objedls 
interpofed between the eye and the extremity of the fenfible 
iiorizon.^ And after it was difeovered that the fame pheno- 
menon was obferved at Tea, where no land obje6ls could be 
feen, they blamed the clouds for deceiving them ; aqd'^hen 
the clouds flew away, the fpirit of inquiry flew after ^lem, 
to feek for information in the apparent concavity of the fky. . 

Such were the erroneous opinions maintained by men of the 
greateft celebrity, both in ancient and in modern times. To 
mention any more of them would be ufelefs labour : a tingle 
quotation from Dr. Smith's Optics will, I prefume, be quite 
fuflicient to (how how little was known of this matter at the 
time when he wrote. 


After 
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Aftf r the ProfeiTor had tinilhed his celeftial explanation oT ^ 

this phenomenon, he juftly acknowledges that, at different 
times, the moon appears of very different magnitudes, even in 
the fame horizon, and occafionally of an extraordinary large 
fize, which he is not able to give a fatisfadlory explanation of. 

Smith'i Optics, Vo!. I. pa. 63, &c. Remarks, pa. 33. . 

It is really aflonifhing, that this phenomenon (liould have re<« Explanation of- 
inained To long without an explanation founded on a better prin- pontiolfthat^'the 
cinie than that of mere opinion. That the dimenfions of the images on the 
pupil of the eye alter by the flimnliis of light, has long been 
known; but 1 believe it dill remains to be proved, that the pupil. 
pi6turc of the moon formed upon the retina is not permanent, 
but varies as the dimenfions of the pupil vary. The following 
experiments will, I hope, remove every doubt refpe61ing this 
law of vifion. 


To imitate the eye upon a large fcale, I took an achromatic Experiment. 

kms of 1.6 inches in diameter, and 17 inches focal diftance, to befor”an 

reprefent the crydallfne humour. This I fixed upon a (land in .ichromaric lem, 

L perpendicular diredlion, with a moveable while fereen be- 

. i- 1- I 1 .1 'verc pro- 

hmcl it for the retina, to receive i^ie image of a lighted candle, vided. 

which dood before it, at the didance of 40 inches. To imitate 

ihe pupil, J look three cards, and numbered them 1, 2, and 3, 

In No. 1, 1 made a circular hole half an inch in diameter, in 

\o. 2 a hole of of an inch, and in No. 3, a hole of 

of an inch. 

Afier I had moved the fereen until the image of the candle Focal image by 
appeared didin6IIy upon it, 1 found ihai the length of this 
luminous piflurc meafured 1.82 inches. long. 

When the card No. 1, was applied clofe to the lens, with Half an inch 
the centre of the hole againd the centre o|*thc lens, the in- i^age 
verted image of the flame of the candle, upon the fereen, inch. 


meafured 1.46 inches. 

VWteji the card No 2, was applied to the lens, in the fame Three tenths 
mailfter as No, 1, the image of the flame meafured 1.3 gave » *3 
inches. 

And with No 3, the piflure of the flame meafured only J.2 Twotenthsgavi 
inches. 

Thefe experiments fliow us, in the cleared manner, thecaufe Application of 
of that variation winch obtains in the apparent magnitude! of 

(tbjedls, other oWe^i, 

That 
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vefTel framed in 
a new method. 


That the pnpil contrafts as the quantity of light whicli falls 
upon the eye increafeSy is well known. 

And that the magnitude of the pidture of a luminous objed 
upon the retina, decreafes as the pupil contradlsi is evident 
from the experiments. 

Therefore^ the magnitude of the pidlure upon the retina, 
decreafes. as the quantity of light falling upon the eye in- 
creafes. * 

Hence the apparent magnitude of the moon is greatefl at Ibu 
horizon, and decreafes as (lie afeends ; for the magnitude of 
her pidture upon the retina is inverfely as the quantity of light 
which Hie gives us. 

The fun appears larger at the horizon than at higher altitudes, 
for the fame reafon ; and terrcftrial objedls feen througli a mift 
appear larger than in a clear day. in cunCcquence of the fame 
operation of the eye. 

I am. Dc£^r Sir. 

With much rerjfedt. 

Your humble Servant, 
f E. WALKER. 

Xynn, OBi, 13, 1804'. 


VI. 

Defcription of the Ship Econo?ni/f 200 Tons Meafurement, built 
on the improved ConfiiuBion of Mr. J, W. Boswell. * 

T he plan adopted in the formation of this (hip is that delign- 
cd for large (l>ips‘of 500 tons and upwards, and the third men- 
tioned in my fpeciheation f. 

Its external appearance is nearly the fame as that of any other 
ve(T*eI of the fize, and the outward planking done in ufual 
manner. It is the internal conftrudtion alone to which the patent 
relates, and that is as follows : 

The bed general idea of it wmII be obtained by conceiving a 
velfel built with timbers, or ribs, much fmallerthan ufuaJ. with 

♦ For which he has a patent. 

+ SecVohll. Second Series, p. 81, of Repertory of Arts. 

an 
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■n in|ernal framing, fo contrived as to give every reqn ill te fup- J 

port and ftrength both to them and the entire vcflel, with ^ piethod. 
the leaft timber^ and of the clieapefl form, and without any 
knee-timber. 

The floor-timbers are molded feven inches, and Tided fix; 
thefei with four fiiltocks and two top timbers at each fide, 
form what is called a frame of timbers. Thofc fmall timbers 
are laid down To that their terminations all fall out in fair lines, 
which are nearly the fame as the ribband lines, when below the 
wales. Along thofe lines infide are laid fore and aft ribs, from 
firm to flern pofi, fo as to fupport the extremity of every one 
of the fmall ribs in the fliip. The fore and aft ribs are fix in 
number at eacli fide ; one direfl’y under the wafer ways, an- 
other at (he level of the lower beams, and the other four placed 
nearly at equal ditlances between Ihcfelaftand the kelfon: each 
pair uniting in a breaft-hook at the ftem. 

The pieces of timber which form thefe fore and aft ribs are 
fcarfed at their extremities with hook fcarfs, and fo placed that 
the fcarfs fall out in fair vertical fedlious of the fliip, where 
they are fupported, and firmly »lied to tranfverfe framings, 
contrived fo as to unite the grcalcft firength with (he leaft ob- 
firuflion, and which are five in number in (he whole fliip. 

Thofe tranfverfe framings lafi mentioned mufl beconfidered 
as the great fupport of the veffcl. and the foundations, as it 
were, on wdiicli all llie other parts refl, as the beams of a 
wooden bridge are fupported by the piers. Thofe tranfverfe 
framings are each formed by one upper and one lower beam, ^ 
two pair of futtocks, a floor timber, two pair of lop timbers, 
and four bracing pieces ; the whole connected into one firm 
framing, felf- fupported, independent of any Other part. 

The four bracing pieces form each framing inlo a fet of fri- The leading 
angular compartments: which triangular framing ^ves 
greaCfift ftability poflible, as a triangular frame cannot be made framings cannot 
to grve^in, or alter its figure, by any force which is not fuffi. vary, 
cient to tear its conneQing parts through the timber of which it 
is compofed ; a property which no other figure poflefTes. 

Thefe tranverfe framings (befides fupporting the fore and aft 
ribs, and by them the fmall vertical timbers) tie and unite the 
veflel together acrofs fhip, fo as to give much greater firength 
than hanging.knees, whofe place they fupply, at a much 
cheaper rate. 


Tlie ' 
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The framing of the deck is alfo divided into triangular cum* 
parlment^f as Cpecified in my patent^ as to preclude tRe ufe 
of lodging-knees entirely ; which compartments are formed by 
fix pieces of timber, which proceed obliquely at each fide, from 
the top of each beam to the fore and aft rib next adjoining, into 
which they are dovetailed and bolted ; long carlings from bearp 
to beam, at each fide of the hatchways, with thefe pieces, 
fupport fmall ledges, on which the deck is laid in the ufual 
manner. 

The vefTel in coming round from Southampton water failed 
remarkably fafi, and flayed and fleered admirably well. 

Advantages of this Method of framing Ships, 

Ifl. Timber of lefs than one fourth of the ufual girth can be 
ufed, in this method, in conflruding large vetfels, for nearly four- 
fifths of their frames. 

This will be a direfl faving in the difler#*nce of price of frnall 
timber and large for the quantity ufed ; for large veifels this 
will be confiderable, and, acc<>rding to the jirefent contradl 
prices for naval timber, not\efs than from two to four pounds 
per load. Befides this, it is a great naliooal benefit in another 
point ; for, by this means, timber of half the number of years 
growth, or lefs, can be ufed for naval purpofes ; and thus forty 
or fifty years, or even lefs, be fufficient to produce (imber fit 
for the navy, inflead of the vail period of near a century, now 
neceflUry ; by which the land will not only produce a double 
crop in the fame time, tit for this purpofe, but all danger be 
removed of there being a fioppage of building, lor want of a 
fupply of limber, at any future period; an event- extremely 
probable to tr.ke place, from the increafing difficulty of getting 
the large kind ufed at prefenl in the Royal Dock Yards. 

2d. Much (horter timber may, in forming the futto^'.':, be 
ufed, without any danger of weakening the ftiip, on^acQOunt 
of the great fupport given to them by the fore and aft ribs, and 
other internal framing, before defcrilped. 

't'he advantage of this is, that it renders the compafs limber 
for f uttocks eafier to be procured, and prevents any neqelfity of 
ufing any limber cut acrofs the grain. 

3d. The ufe of knees of every kind is fuperfeded by this 
mode of building, as the triangular framing of the decks gives 
5 all 
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rII the effect of lodging-knees, and that of the tranfvcrfe i a 
frames more than fupplies the fupport given by hangings- 
knee*;. 

This would occafion a confiderable faving in large veffels, 
on account of the great price of knee-timber fit for them ; 
which, for that of 30 feet meeting, is near ten pound per load 
and for the fmallefl kind, taken Rt the dock-yard, nutlefs than 
8/. \5s. 

4lh. Plank of half theufual thicknefs maybe ufed for lining; thinner plank* 
the great fupport given by the fore and aft ribs rendering any 
ufe of infide plank, to flrengthen the veffel, needlefs, and con* 
fining its purpofc merely to prevent ballad, or other matters, 
from getting between the timbersi fo as to red on the outfide 
plank. 

This will alfo caufe a faving of confeqiience in large vetfels ; 
plank of all kinds, but particularly that of great thicknefs, 
being the next deared article to knee-timber. 

5lh. It is probable a much lefs quantity of limlier might be lefs quantity of 
ufed with fafely in this method, on account of the great drenglh 
produced for tiie timber mM. ^ Id. By the triangular framing. 

2d. By every timber having a Tolid fupport at each extremity. 

3d. By the increafe of thicknefs from in to out all along the 
fore and aft ribs, being very great in proportion to the tin^- 
ber ufed. 

6th. It is probable, vedels built in this method will lad dui ability, 
many years longer before decay ; becaufe the ufe of fmall 
timber admits of a kind more fpiny and durable than the large, 
which is often dotard, and never lads fo long; and alfo bccaufc 
this condrudtion admits of a free circulation of air among the 
timbers, than which nothing is known to c^mtribute to much to 
their prefervation. It is moreover conceived^ that the timbers 
being prevented from working by the folid fupport*each has at 
il^extremities, will caufe the vedel to wear lefs, and at the 
fam^time render it fafer, by dirninidiing the danger of darting 
planks, or otherwife caufing bad leaks. 

7th. The timber of confiderable fizc ufed in this method is 
aimed all nearly draight, or of very little curvature, on account 
of its running tore and aft. 

This kind is much caficr to procure than large compafs 
limber. 
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8th. Short-top limber and coarfe butts can be worked up 
to advantage, inttead of being fold for lefs than half coft, 
or burned ; as this kind will do fufficiently well for the 
number of (hort ledges in the deck frames, and to fiipport 
the lining at the floor, which are wanted in this mode of 
building. 

9th. VefTels built in this manner will not be fo liable as 
others to hog, or have their backs broken, on account of 
the great flrength length-ways, caufed by the fore and aft 
ribs. 

JOth. VefTels fo built will be drier, from the circulation of 
air before mentioned, and having the floor-lining detached from 
the timbers; which quality renders (his conArudlion partU 
cularly valuable for the fliips uled in the £afl and Wefl India 
trade. 

The advantages above recited relate to vetfeh entirely form- 
ed in this manner. It fliould be known alfo, that parts of this 
plan may be applied with profit. The mV)de of framing the 
decks, for inflance, might be ufed to fave lodging-knees in 
veflels built in other refpedls it; the ufual mode. Other parts 
of it might be applied to the firengthening old vefleb, which, by 
this means, might be made to lafl many years, after they would 
otherwife have been unferviceable. 

The principles of this method of building are capable of 
being extended ftill further than they are in the vcfTcl here de- 
feribed : the triangular framing may be even adopted to (he 
confirudlion of fore and aft ribs, fo that thefe could alfo 
be confirudled of fmall limber, if required. Thus, by this 
means, the former barrier to the increafe of fizein fiiips is re- 
moved, as it no longer now depends on the fize of timber ; 
and fliips of any dimenfions required may be formed, of any 
firengih re^uifite, of fmall timber. 

J. w. poswit^^xJ. 


Ctmc lading 
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VIL 

Concluding Hemarks on the Computation of Tables of Squares 
and Cubes, In a Letter from E. O. 

To Mr. NICHOLSON. 

SIR, 

I AM forry to trouble you again on a fubjedl which I fear On thccompu- 

can afford but Utile intereU to the generality of your readers; 

but I muft requefl the admiffion of a few remarks upon 

the letter which you publiflied in your laft number from 

H.G. 

Your correfpondent is certainly roiflaken when he aflerts 
that oiir methods of calculating fquares are " precifely the 
fame Both, ihdeed, are derived from the principles of the 
binomial theorem ; but I conceive that there is a material 
difference in our manners of applying thofe principles to prac- 
tice. As we find the fquare o^the given number by adding a 
certain quantity to the known fquare of the number next be- 
low it, it follows, that in both methods the quantity fo added 
inufi be the fame ; but there is a confiderable difference in (he 
operations by which we find this number : I do it by the re- 
peated addition of the fmall number 2, whereas H. G. finds 
the fame quantity by tlie repeated doubling of a number, 
which is conflantly changing, and may poffibly confifl of many 
figures. To (hew the difference more clearly, I will calculate 
feveral fquares according to the dire£Iion given in P. 1.50, 

Vol. VIII. and I will lake for my example tlje fame which I 
have taken in P. 6, Vol. IX. that your readers may the more 
form the comparifon for themfelves. 
s 

• 28261 
2 

56522 = 2.28261 

796684121 = 2826 ll* 

1 

798740644 = 28262> 


28262 

2 

56524 = 2.28262 

798740644 = 282^ » 

1 

798797169 = 282631* 


28263 
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Qd liie cofn^u* 
txkion ot rquai-es 
804 cubes* 


7y88/i3696 =s 128264)* 798910225 = 2820‘5p 

Perhaps it may be objected to my flatement, that the ralcn. 
lator would be aware that 28264.2 — 28263 . 2 + 2 n 28262 
.2 + 4*, &c. or that he muft foon difcover this law of conti- 
nuation; and therefore^ that he would not proceed in every 
infiance to the a6tual multiplication of the root by 2« Such 
an objedlion, however, will avail nothing againft my argu- 
ment, for in that cafe he will no longer work by the rule 
given by H. G. in P. 150, Vol* VIII.; but if he proceeds to 
find the difference by addition^ he muH virtually purfue the 
method which I recommend : the only difference will be» that 
the pradlice of calculation will Irave fuggefled to him an im- 
provement which he might hive originally derived from hrfl 
principles. 

I (liall not enter into the queflion, whether addition is, or 
is not, a fimpler procefs than fubtra£lion. The prefent quef. 
tion may be decided independently of it. For granting that 
there is no reafon to prefer one to the other, yet the two me- 
thods by which we find the firtl differences of the cubes, 
iTii<rht be fairly put to ilfue upim the number of figures ufed in 
each. To find them according to the method recommended 
by H. Cl. in p. 150, Vol, VIII. we mufl fubtradt the whole 
of one cube from the, whole of the other ; whereas I find them 
by Ihecoiiftant addition of the fecond differences, which mufl 
necclfarily'be much fmalJer numbers. Thus to find the fiift 
difference between the cubes of 26561 and 26560 : 

According to //. G. According to E, O, 

18738432796481 2116221 121 

- 18736316416000 + 159360 


28263 

2 

56526 = 2.28263 

r98797169 = 282631 * 

1 


28264 

2 

.56528 = 2.2826 1 

79S853696 = 282^.* 

1 


21 16380181 


21 163801.81 


It is flated, indeed, by H. G. that he avoids the continual 
repetition of firft differences. By this we mufl not underfland 

that 
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that 1/ is method makes it unneceflary to calculate them; for |ke eorfu* 
by mere companTon of p. 9 yi ith p. 125, it will be feen that “ 
we both ufe the Came numbers. In this inftance, as in that of 
the fquares, the real difference between the two methods 
confifls in the manner of finding thefe additional quantities, 

H. (}. mufl therefore mean, tl)at he avoids the ncceffity of 
calculating the (able given in p. 8. Now in this 1 do not 
think that any advantage is gained. For if the firtl differ- 
ences are to be found feparately, 1 have (hewn that they can 
be more cafily found by the method which I have recom- 
mended ; and much expedition will be obtained by making a 
feparate table of them, which is impofliblc if we work accord- 
ing to the dire^ions of H. G. I may, with fomc reafon* 
complain, that H. O. has not made his example a fair paraifel 
to mine ; for I have lot down every figure which need be ufed, 
while he has declined printing any of the operations whereby 
he determined his firft differences. It is polfible, indeed, 
from long pra^ice *n arithmetical computations, that he may 
be able to cafl his eye from one cube to the other, and fo 
find the fird differences, without copying them out on the 
fide of his paper For fubtra^lion. 1 (hall not dwell upon the 
danger of miflake in fach a procefs : (he quickefl and moft 
accurate eye could hardly avoid frequent errors, and the com- 
mon arithmetician will find it attended by confidcrable diffi- 
culty. But granting that all this difficulty could be com- 
pletely conquered, dill it would give no fuperiority to the 
method recommended by H. G. ; for it might be applied to mine 
with equal, if not greater eafe and advantage. Thus, in the ex- 
ample given in p. 125 ; if F were computed by the addition 
of C and D, in dead of the fubtra^lioii qf*A fiom E; if we 
confider 1 zz: F + G infiead of = H — E, iCl = 1 + K in- 
dead of rz L — H, &c. we fliould have the differences com- 
according to my rules. We may remark likewife; in 
tilts diorter method of calculating, that, according to the ar- 
rangement ^iven by H. C. himfelf in p. 129, the eye mud 
neceflarily pafs over two intermediate lines of figures in fub- 
(rafting one" cube from the other, whereas the two rows of 
figures which 1 would have added to one another, may 
always be placed contiguous. This certainly is an advan- 
tage; but at the fame lime 1 only mention it to (hew the 

grounds 
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On tte comiti- grounds on which I prefer my method lo that of H. G. i 
tition ^ fquares 1 flill confider the plan which I firft laid down as the 
eaiied and furell. . . 

1 have faidj that if the differences are confidered in p. 125 
as found by addition infiead of fub(ra£tion, the example 
would fuit with my method, becaufe the fecond differences 
are dill additional, and will be found, upon coniparifon, to 
be added in exactly the fame order as in pp. 8 and 9. The 
only variety is by making two tables 3 1 add the fum of the 
two numbers which are feparately arranged under each cube. 
1 have only to add on this part of the fubje6l, that H. G. has 
adopted my method in feme meafure ; for he fays that K =; 
G 4* ^ remarked with 

rcfpecl to the fquares, that this equality would mod probably 
occur to the calculator ; but at the fame time wc mud recoil 
le61, that it is different from the rule laid down in p. loO, 
Vol, VIII. 

1 diall not add any thing to what I ht^ve dated in p. 3, 
with rcrpe6t to the inidakes to which either method is liable; 
but I (hall conclude by affuring^you, that it is not my inten- 
tion to trouble you any more on the prefent fubjedf. 1 
thought it might be ufeful to. publifli the letter which 1 fird 
fent you, and having done foi it became necelfary to remove 
any obfeurities in it, and to anfwcr any midaken objedlions 
which might be raifed againd it ; but this having once been 
done, thcic can be no occafion for further cont rover fy ; and 
1 have only to thank you for the indulgence which you have 
granted me. 

I am. Sir, 

• Your obliged humble fervant, 

' ' E. O. 

P. S, I lake this opportunity to beg you will mention^^e 
or three prefs errors which occur in my former letter. 

P. 9, line 20, dele die Italic r. 

P. 10, line 12, 'x + read in both inftances, x . 4 > i] * 

P. 12, line 16, 29 read 27. 


letter 
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LttUr from C. WilkinsoMj on Galvanijin and EU&rieUy, 

Dublin, Oa. B, 1804. 


SIR. 


To Mr. NICHOLSON. 


When at Liverpool a few days (ince^ at the Atbenseurn Obrervations oa 

1 found a paper of Mr. Thicknefle of Wigan in your valuable galvanfm, See, 

Journal, and which has induced me to trouble you with the 

following obfervatjon. Mr. T. ingenioufly coiijedures that 

the galvanic phenomena depend more upon the decompofhion 

of the water employed than as to any chemical change eflTefled 

on the mctal.<. Mr. T. obfeives that two metals are requihie 

to the produdion of galvanic phenomena : this is no ways the 

cafe, it is well knov^ai that a tingle metal futliccs, or even brain 

and mufcle, according to the experiment of La Grave, or 

nerve and mufcle according to Aldini. Mr. T. further ob« 

ferves that hydrogen mixed with copper always renders it briU 

tie. 1 (liould wdfli to know this gentleman’s authority for fucli 

an alTertion : he alfo lets out too hypothetically as to eledricity 

being a niodidcalion of caloric. It has always appeared to mu 

that the galvanic phenomena entiiely depend upon the difen- 

g.igement of eledricity from the metal undergoing a chemical 

change. 

Galvani has afeertained that gold, (ilver, copper, iron, tin,,, 
lead and zinc, conftitutc the feries of metallic bodies; that 
when two metals the mod remote in the ferips are united, the 


mofl powerful galvanic combination is formed;* thus gold and 
zinc, (liver and zinc, copper and zinc, &c. and laflly, lead 
ai>c \i^^ c. form the weaked galvanic combination. The difpo- 
fiti^n td oxidation is in the inveife order, thus zinc will become 
oxidated even by expofure to the air, whild diver and gold 
undergo this change with the greated difficulty. 

Hence a metal which is oxidated with the greated difficulty 
combined with a metal which oxidates with the greated faci- 
lity, form the mod poweiful galvanic combination. The pro- 
dudlion of galvanic phenomena is always proportionate to the 
degree of oxidation. 

AU 
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Obfdwation^ on All fiibflances which arc conduflors of eledlricity, if they 
galvanifiDy mjj^rgQ change as to their conducting power, fo as to 
become diminiflied as conductors, always in the change lofe a 
portion of their natural eleCtricity* Thus metals which are 
the belt conduClorsi when oxidated, become non-conduCtors 
in this change, the combined eleClricily is ioft. 

If a plate of zinc is univeffally immerfed in a fluid which 
will produce chemical changes upon it, no galvanic phenome* 
non will be produced becaufe the metal in every atlignabie 
pointf being equally aCled on, the contrary ftates of eleClricity 
cannot then be produced. 

If only one fide be aCled on^ every adignable point on that fide 
undergoing a chemical change, by which it isdifpofed (opart 
with its combined eledricily, there will be a general tendency 
of the eledtricity in the fubflance of the metal towards the fur* 
face adted on ; the fame as if in a vefTel filled with water, a 
fmall aperture be formed, there will be a general tendency or 
current of the water towards the aperture,* fo of eledlricity. 

Dr. Wollafton has proved by very ingenious experiments, 
that when two didimilarmetals^are placed in a fluid which will 
adt upon one of the metals and not upon the other, when the 
two metals are put into contadt in the fame fluid, that thus che* 
ntical changes are effedted on both ; thus that gold and filver 
thus arranged, will be adted on by the nitric acid. — When two 
metals are placed in a fluid which will adl upon cither of them 
feparately, if the two metals are preferved in a (late of repa- 
ration while in the fame fluid, chemical changes will only be 
efledted upon one. Thus zinc and copper placed in nitrous 
acid and water, only the zinc will be adled on. 

Thcfe principles point out the neceffity in our galvanic 
troughs to have our cells perfedtly infuiated, and that there be 
no communication between the refpedlive plates. 

Mr. T. has by miflake obferved that the fenfation is iiiiytvo- 
portion to the furface adledon; the experiments of the ]^reiv:h 
philofophers proved that the adtion'of galvanifm on animal 
fubflanccs is in the ratio of the number of plates- employed, 
and not the fur faces expofed. 

In all my experiments in town with my own eledtric battery 
I -never fucceeded in giving (he flightefl charge with my gaU 
vanic apparatus. . In fome converfation 1 had with you> Mr. 
Editor, you conjedtured that an exteoflve feries of (mail jars 

would 
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would be the beft arrangement. When at Liverpool* I met 
with fuch at the houfe pf Mr, Dalton* a very ingenious lec« 
turer on eleflricity. The galvanic battery 1 employed con<* 
fitted of 200 eight-inch plates* which had fufed at the time 
near five feet of tteel wire ; this communicated a very Aight 
ijitenttty to the electric battery* containing forty feet coTated 
furface, juft fufficient to convulfe a frog* and although theeledri- 
cal battery was in the bett ttate of preparation* we could not 
fucceed in producing any intenttly as even toaffe6t the tongue* 
At another period, I (hall do myfelf the pleafure of tranfmit- 
ting to you an account of fome ingenious experiments of Mr. 
Dalton* on eledricity* he finds a cylinder* when exhaufted of 
air* or when one atmofphere is condenfed into it, will not then 
be capable of excitation. 

I am* Sir* 

Your’s Anccrely* 

C. WILKINSON. 


No. 19* Soho-Squarel 


irt 
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Method of preventing Accidents to Horfes and Carriages, in going 
down Hills, by a Gripe or Clajp acting on the Naves qf the 
Wlicels qf tlic CarriagCm By Mr* W. Bowler.^ 


SIR, 

The invention I have now Tent you is* t think* likely to be Apparatas to 
of great ufe, and I therefore offer a modeHhereof l^r your 
infpedion. In the Arfl cafe* this cart may t>e flopped in an 
inttant, in going down the tteepett hill with a load* 4vithout 
ttopni^ the horfes, by the carter only preffing bis hand upon 
a lever^!f This plan would likewife be highly advantageous in 
cafe of a horfe taking fright* as the carriage may be inflantly 
flopped by the brace clafping the wheels. It may alfo* with 
little alteration* anfwer for a broad-wheel waggon with a 
heavy load. By the prefent method, a coachman* whilft fit- 


* Tranfadions of the Society of Arts. A bounty of ten guineas 
given to the inventor* and the Society have a model. 

VoL. IX.«-Novbmber, 1804>. N ting 
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ting on his fcox, may confine or ref^fe the wheels of hi;^ car. 
riage at pleafure^ and prevent accidents in defcending hills, ot 
in managing reftive horfes. 

I am. Sir, 

Your humble Servant, 

WILLIAM BOWLER. 

Finjbury-Stveetf May 13, 1803. 

To Mr. Charles Taylor^ Sec» 

Reference to * the Engraving of Mr^ WiUiam Boivhr^s Gripe for 
the JVheets of Cartfimd Carriages, Plate X. 

A B. The extent of the body of the cart. C D. The two 
ihafts. E. The front ladder of the cart, part of winch pro- 
je6ls over the (hafts, and is fjpporled on them : the other part 
is faftened to the upright piece F. G. The handle of the le- 
ver, Aiding betwixt two uprights, and moveable on an iron 
bar and pivot at H, in the upright piece F,. By preffing down 
this handlei the moveable joints I K raife upwards the lower 
part of another lever L, fo as to prefs againd the lower part 
of the nave of the wheel, anci at the fame time ihe moveable 
joints prefs down the lever O, and caufe this lever to a6i againft 
the upper part of the nave of the wheel ; thus comprelling 
the nave of the wheel betwixt a double brace, and cither re- 
tarding wholly the motion nf the wheel, or allowing it to move 
R little, as may be thought requifilc. The circle of the nearer 
wheel is (hown by the dotted lines P; but this wheel is not 
added, as it would prevent this gripe from being clearly feen. 
The handle of the lever G produces at the fame time a (imilar 
effeft on the further wheel R, by means of the bar ot iron 
which crolfes^he cart at H, and adls in the fame manner on 
(imilar double joints at the other iide of the cart, as may be 
feen at S, where the further double gripe is (howm pre^^. on 
the nave of the further wheel. T. A fmall catch, wlt^ch^ by 
fiilling into the notches or teeth of the lever, when it is prefTed 
down, holds both the gripes in one certain pofitioti. 

When the wheels are lobe fet at liberty, (he catch T is re- 
moved out of the teeth of the lever; then the lever G 
raifed above the hole V, and kept from Aiding down by an 
iron pin attached to the' chain U, being put underneath the 
lever, through the hole V. 

The 
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liroo-Work is not ^ny inconvenience in the loading or 
Unloading of the cart, nor occupies any room within it ; and, 
what is of material confequence in new inventions, it majrbe 
managed by the carter with much lefs time and trouble than 
the common hook and drag chain. It rs alfo miich more fe« 
cure in its action, as it binds on both wheels at once, and gives 
a uniform fteady draught for the horfes, which prevents them 
from falling down. 




X. 


Ohfirvations and Experiments to elucidate the Operation of the 
Galvanic Power. By Mr. Charles Sylvester. In a 
Letter from the Author. 

To the Editor rf the Philosophic Journal. 

SIR, 

1 HAVE for fome lime read and admired your valuable pub- 
lication, but have not before i/tis time ventured a communica- 
tion on any fubje6l. If you think the following thoughts and 
experiments worthy the attention of your readers, 1 (liall feel 
myfelf honoured if you give them a place in your Journal. 

1 rcmain» Sir, 

Your obedient fervant, 

CHARLES SYLVESTER. 

Sheffield, Odt. 10, 1804-. 

The decom portion of water, or at lead, the prefence of Whether ivatcr 
oxigen and hidrogen, is obferved in all the modes by which tlie ^ {h^tlalvanfc 
galvanic energy is excited. I obferve that fome o£ your cor-procefs j 
rq^ondents arc inclined to doubt the truth of water being a 
confj^und body, from obferving in its decompoAtion that the 
oxigen and hidrogen arc given out at fo great a didance from 
each other. Though thefe philofophers have more Amply ac- 
counted for Tome of the phenomena by making water a Ample 
fubdance, their affumed data, that pofitive and negative elec- 
tricity are two didindl bodies, is by far more gratuitous than < 
the podtion, that water is a compound. Befides this hypolhe- —or pof* 

As will only account for a few of the fafts, while it abounds 
with contradidtion when applied to the red of the phenomena bodies, 
of galvanifm. 

N 2 They 
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The latter lefs 
probable. 


The ojtidation 
contradicts the 
hypothefis of 
two electric 
bodies. 


Variation of Dr. 
Aih*s experi- 
ment. 

When a long 
popper wire was 
connected at the 
end with fine 
(under weak 
acid) 

kidrogen was 
earlier given oat 


They tell us of two kinds of elediricity coining from ihej^U 
vanic apparatus one from the 2 inc end, the other from the 
copper end; the former being pofitive, the latter negative. 

Two diftindi fluids moving in contrary directions could not 
pofHbly exift in the galvanic trough ; by reafon of that fluid 
proceeding from the zinc meeting that coming from the cop- 
per in each of the cells, and confequently eflabli thing a con- 
ftanl equilibrium, without producing any effett. When ihe 
decompofilion of water is only taking place in one velfel (ad- 
mitting the above objection to be of no weight) the phenomena 
admit of an eafy explanation by this hypothefis; but when two 
vefTels are ufed connedled by a wire arch, it cannot in any 
fhape be adequate; for as we have in each vcflel both oxigen 
and hidrogen gafes, there muflalfo be both pofitive and nega- 
tive eleflricit^f ; thefe two contrary fluids would of courfe have 
to meet each other in the connecting arch, and according to 
another part of this theory form fenfible heat *. 

The pofltive wire, if a bafe metal is always oxidated; this 
effedt is known to be facilitated by the electrical agency. Ac- 
cording to the principles in queflion, it w^ould be retarded by 
the power of affinity exifling between water and pofitive elec- 
tricity. When the wires of a galvanic apparatus are brought 
into a metallic folution, no hidrogen is given out at (he nega- 
tive wire, but the metallic oxide is reduced. Now if metal- 
lic oxides be compofed of water and the metal, the negative 
ele^ricity would combine with the w^ater, and hidrogen gas 
would be evolved — the very reverfe of the fa6l. 

My reafon for being thu=? particular in the examination of 
the hypothefis of Mr. Richter and Dr. Gibbs, is to preparo 
the mind of th^ rda/ler for fome experiments which 1 think 
will contnbute to the firmnefs of the hypothefis, which fup- 
pofes water to be a compound, and that the hydrogen is car- 
ried from the pofitive to the negative wire by tlie eledlricj^.' 

The well-known experiment of Dr. A(h (with the plate*of 
zinc and fiilver in a dilute fulphuric acid) I had occafion to 
vary in the following manner. I took a copper wire about 
eighteen inches long, and bent it in the middle fo as to form 

V They are of opinion that thefe two fluids combined fonn calo- 
ric. They alfo hold with Dr. Prieftly that what are now termed 
metallic oxides are the rcipedlive metals combined with water. 

two 
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|wo*pafalleI legs, about two inches diftant from each other. 

This I laid in an earthen diQi filled with dilute muriatic stcid. . 

I then brought a piece of zinc in contact w'ith one of the ends; 
bubbles of hidrogen were immediately given out by that part 
of the copper. After bubbles had appeared for about two 
inches down this leg, I obferved bubbles on the end of the other 
leg, — they now proceeded down the two legs till at laft they 
appeared on the part where the wire was bended. I after- 
wards laid a piece of zinc at one end of the fame difti and a 
piece of gold at the other. I prepared a metallic arch with 
two pieces of wire, one of gold, the other zinc, foldered to- 
gether. The zinc end I connc6ted with the piece of zinc in— andfo like* 
the difti, and the gold end with (he gold. After the confaft j." 
bad been made about ten feconds, bubbles appeared on the between gold 
piece of gold. The diftance was about twelve inches. Inow**'‘^ 
placed the pieces of gold and zinc at half the diftance, and 
made the comm u nitration with the fame arch. The bubbles 
now appeared upon the gold in about half the before-mentioned 
time. Upon bringing the piecy flill nearer together, the gold 
gave out gas almoft inftantl)', but yet in all the three inftances 
I had time to obferve that the bubbles always appeared tirftoii 
that fide the gold next the zinc. 

I think from the above experiments that the clifengagem^nt Whence it Is 
of hidrogen from the gold does not depend upon its negative 
ftate, for this quality mull have been produced on the gold in hidrogm d *es 
every one of the three inftances in the fame time, from the 
communication being always made by an arch of the fame that the elec- 
length. On the contrary, it proves that the eledtricily difen- TOun^ated^*”" 
gaged from the zinc is communicated to tip gold through the through the in- 
intervening liquid. If we obferve the length ot time taken up ^''Tofed liquid, 
in its paftage through this medium, we ftiail fee (hat if does not 
agffec^ith the laws of eledlricity. Is it not therefore proba- 
ble^hat when the oxigen of the water combines with the metal, 
the hidrogen combines with the ele^ricity of the metal, and a 
compound of this kind obferves thofe laws coniiftent with the 
phenomena. 

In each of the cells of tlie galvanic trough a quantity of this Probability that 
compound is diffufed through the liquid. The momenta com* in^o'mbination 
munication is made between the two ends, the electricity en- with dearkity. 
lerseach of the copper-plates, leaving the hidrogen in bubbles 

on 
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on the furface As this eleflrated hidrogen (if I be 
allowed the expreflion) does not move through the liquid with 
^ the facility of the eledlricity itfelf, the neceflity of a furface of 
/ copper equal to that of the zinc is obvious. It is plain that 
only a proportionate quantity will be carried through the whole 
Objpftion to the feries. This fa6l I have afeertained in attempting to reader 
fcnMmour the apparatus propofed by Mr, Wilkinfon and yourfelf ufeful 
Vol. Vlll. p. 3. for all experiments. The (hock is even lefs when the furface 
of Apper is lefs than a fquare inch. 

How the cicc- ' The quantity of eledtraled hidrogen in each cell increafes 

tricitv mcreales copper end to that of the zinc in an arithmetical pro» 

tlie hidrogen in ^ ‘ , « . . , . • i- i r i • 1 

the exterior greffion. The cleclridity only exiUs in its fimple form while 

«IIs. jt is pdffing from the copper furface through the two metals to 

the zinc furface. It there combines with another portion of 

hidrogen^ which it leaves at the next copper furface, and fo 

on accumulating in quantity the longer the feries it has to pafs 

through. In the decompoiilion of water by the galvanic 

trough the vclTels in which this is performed may be coniidcred 

as one cell in the feries. The eledtricity feizing the hidrogen 

at the pod live wire and giving it out at the negative. 


Mechanical 
operations of 
the bees. 


XL 

Memoir on the Origin qf JVaxi. 7?y Francois Huber, 
Member of the Society of Natural Fhilofophy and Natural 
Iliftory of Geneva, 

It has been tijought flrange that the word wax fliould feldom 
occur in a booh whith treats of bees alone : but neverlhelefs as 
in the cquiTo of my obfervations, I iiad not attended to the 
produ6ls of their induftry, I could only have repeated what 
had been faid by Swammardam and Reaumur, and tlmt did 
not feem to me to be necelTary. 

I knew that thefe infers colle6led abundantly upon the an- 
therac of flowers, that (hey are ac(|uainted with the method of 

• This faft is very obvious when the copper furface is very clean. 
The hidrogen under contrary circumftances is empbyed to reduce 
the oxide. 

t From Journal de Phyfique, ficc. Pluyiofe, An. XII. 

opening 
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oponing thenis of gathering their dtift* keeping it in the ca^ * 
vitics of their hind legs, and carrying it to their hives. 

It had beenobferved that the particles of this dud fwefis in Examination of 
water, and that, when one of them biirds, an oily liquor runs^he pollen of 
out, which floats on its furface, but did not mix with it ; from 
thefe experiments, repeated on the dud of a great number of 
flowers, it was concluded that they contain the principles of 
wax, but it was admitted (hat thefe mud undergo a peculiar 
elaboration in the body of the bee, fince, according to the 
experiments of Reaumur, a flexible wax could not be made 
from the dud of the antherae. 

It will be feen from fevera! pafTages in my work that 1 had The true origin 

adopted this opinion : a Angle obfervation of Burnens* changed fo long 

all ray ideas. The true origin of wax might have been fooner unknown from 

known, had there been any fufpicion that it was not already 
i-r ^ , T I > 1 • 1 . itwasoifcovercdi 

dilcovered. 1 (hall now date how I was led to doubt, and what 

I have done to vejify my new conje6tures. 

I was in Switzerland in 1793 ; the farmer of the edate on Obfervacluns 
which I redded had many bees, and the greater part of 
hives having been docked ifl former years, the combs with 
which they were dlled reached to the dands, confequentiy 
there was no room to condru6l new ones. We remarked, 
however, that the working bees carried in a confiderable quan- 
tity of this fecundating powder. 

Tlicrc was alfo in the dime apiary fome fwarms of that 
year, (he hives having only been docked a day or two ; in 
fome of them the combs were only began, in others they were 
larger, but in all of them there were vacancies to fill up, and 
much work to do. We obrerved with adoniflimenl (hat the 
bees of thefe fwarms did not carry ir? the pollen, and that, 
neverthclttfs, they worked with aflivity in the coodruflion of 
combs, and in lengthening thofe already commenced. 

Wlflfere, therefore, did they procure materials for their edifices? 

After thefe obfervations, we fufpeded that it was not from the 
di^ of the damina, and that they had a very different ufe for 
itlpan that for which it was believed to be intended. We 
however found that it w'as not impoffible to explain thefe ex- 
traordinary fads, without abandoning the hypothefis of Keau- 

* Tlifc name of M. Huber's fecretary ; which deftrves to be 
known to the cultivators of natural hiftory. 


mur. 
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« mur, by fuppofing that the bees of the old hives iiored ap To 
much pollen in their combs for their future wants, while thufe 
of the new fwarms did not carry it outwardly on their legs, in 
tjie infancy of their eftablilhment, becaufe they had no cells in 
which they could depo0t it : it might be fufficient to enable 
them to conftrudt their combs, if they were at liberty to fly to 
the flowers, procure their pollen, and return to their hives after 
having filled their flomachs, where it muft be elaborated and 
converted into perfed wax. It was to obviate thefe doubts 
that 1 ufldertooh the following experiments. 

FIRST EXPERIMENT. 

On Bees in Confinement xdth Honey alone for their Nourijhment, 
Mufl bees eat pollen to be in a flate to produce wax? This 
was the iirfl queflion which I thought it neceflary to invefligate : 
Auftion of wax? the method of trying the experiment was obvious; it was only 
required to keep the bees within their hives, and thus prevent 
them from collecting or eating (he fecundating powder. 

On the 124<th of May^ Burnens lodged a fwarm in a flraw 
hive, with as much honey and water as was neceflary for their 
ponfumption, and he clofed the doors fo that the bees could not 
get out and the air be at the fame time renewed. 

At firft the bees were very uneafy, but became calm on re- 
moving the hive to a cool dark place; their captivity laflec) 
five days; they were permitted to come out in a room, the win- 
dows of which were fliut: we then examined the hive moro 
Wm fr.im conveniently. We firft noticed that there was no honey left 
honey alone. veflel which had been filled with it, with the foie inten- 

tion of feeding the confined bees; and were more aftonithed 
to find five com^s of the rooft beautiful wax, ful'pended from 
the roof of the hive; they were perfectly white, and very 
brittle. This refult was very remarkable; however, before 
forming a conclufion from it, that the honey with which |^!efe 
bees were fed had enabled them to produce the wax, it wa^ 
iieceflTary to enquire whether it could not alfq be explained in 
another manner. 

The bees which I had employed had doubllefs collc^cd tl^e 
duft while they were at liberty. 

They might have done fo the evening before, or on the very 
day of their confinement, and might havo enough in their fto- 
machs, and in the cavities of their legs, to extraCl from it ail 
the wax which we had found in their hive. 

But 


\ 
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fary to the pn 
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BmA if it was frae that it had been obtained from the fierun* * ’ 

dating powder previoufly obtained^ this fource was not ineXf^ 
haufiible, and the bees being unable to procure any more, 
they would foon ceafe to con(lru6t combs, and fall into the moft 
complete inadtion. It was necelTary therefore to continue the 
fame trial to render it deciiive. 

Tiic 28th, Burnens returned this fwarm into its hive, after 
having taken out all the combs; he thut them up as before with 
a freth fupply of honey. 

This experiment was not long, for on the evening of the 
fecond day we perceived the prifoners working with new wax. 

The next day the hive was infpefted, and we found five combs, 
as heavy and as regular as thofe made during their firfi capti* 
vity. 

We afterwards repeated this experiment five times fuccef- 
fively, with the fame bees, and the fame precautions: we al- 
ways found that the honey had difappeared, and that new wax 
was produced. This refult was fo invariable during this long 
feclufion that we could no longer doubt that the honey alone 
had fupplied them with all the elements of their wax, without 
the afiifiance of the fecundating duft. 

SECOND EXPERIMENT. 

On a Hive from which Homy %vas excluded, nnd in which only 

Pollen and Fruits for the Nourijhment of the Bees were left, 

I thought it would not be ufelefs to make the inverfe of the Exp. II: 
preceding experiments ; it would (liow me whether the pol- 
len could not fupply the want of honey when the bees were 
deprived of it, and enable liiem to procluqe*wax. 

I therefore enclofed a fwarm in a bell-glafs, in which had 
been placed a comb whofe cells contained only pollen, and the 
fol^nunrilhraent of the bees was fruit. 

Thefe bees did not make wax, nor did they form a fingle 
cell during eight days, which was the time of their capti- 
vity. 

I was going to repeat this experiment, when Burnens re- Bees fed on 
marked that the free bees were, in foroe meafure, in the f*^>ne ^''**** 

ftate as Ihofe we had confined; there being no honey at that wax*!*^* ***^****”** 
time in the fipwers, .they found only pollen, and did not work 
in vi'ax. 

I may 



0» BBEfi WAX. 


m 

^ • I may perhaps be aflced how I was fatisfied of thb, tojwhich 

I anrwer, bee».wax is white at firft, the cells foon become yel- 
lewy and in time, this colour grows browner, and in older 
hives the combs have acquired a blackilh tinge. It is there- 
fore very eafy to diiiinguiih the new cells from thofe which 
have been fomc'time formed^ and confequently to know whe- 
ther the bees are really making combs, or whether that work is 
fufpended; it is fuliicient lo raife the hives, and to notice tlie 
lower edges of the combs. 

The odour exhaled by the hives, and the (hape of ’■he bees, 
are indications by which it may always be known whether there 
is honey in (he flowers; if they are combine!, there can be 
no further doubt, and, particularly, if a great number of bees 
return to the hive, w hic*h are remarkable for the bulk and the 
Wax-niakin|[ form of their bellies. Thofe wliich are Ailed with honey have 
the abdomen cylindrical ; the name of wax-making bees be- 
longs to them excluAvely: the bellies of the labouring bees 
which have other functions, always preferve their ovoid form, 
Nurfingbees^ and (heir volume is never fen Ably augmented; the name of 
nurAng bees is proper for thefc. 

Tlie farmers of the neighbouring villages kept their bees in 
bafleets, or in cafes of different forms; and I was able to viAt 
a very great number without going to any great diffance from 
my habitation. 

Operations of 1793, an intemperate fpring had retarded the reparation 

the bees during of thefwarms; there had not been any in the country before 
the ^24lh of May ; but towards the middle of June there were 
feveral in the vicinity of my rcAdence. At that time the Acids 
were covered with flowers, the bees collefted much honey, and 
the new fwarjns worked at the wax with vigour. 

On the 18th, Burnens viAted Axty-Ave hives; at the en- 
trances of all of them he obferved wax -making bees. TJiofe 
which returned to old hives, not having to conftruft ccjTs, de- 
poAted their honey in the combs, or diffributed it among tlieir 
companions; thofe belonging to the f warms converted their 
honey into wax, and baffened to conffrudl combs for the re- 
ception of their young bees. 

It was (bowery on the 19th: the bees went abroad but 
brought home only pollen. The weather was cold and rainy 
until (he 27 tb. We were defirous of knowing if this had pre- 
vented their working. On the 28th, all the hives were lifted: 

Burnens 
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•anwf foiiiid that the work had been flopped; the combs ' 
which he had meafured on tlie 19th» were not at all incrbafed, 
and were of a citron-yellow« nor was fliere a (ingle white oeU ' 
in any of thefe hives. 

On (he 1(1 of July the chefnuts and limes were in blolTom, -^andadrj 
the thermometer indicated the 20th degree; the wax«inakmg 
bees re-appeared, liiey carried away great quantities of honey, 
which, as we had before obferved, was employed in aug- 
menting the proviiions of the old hives, and in enabling the 
young fwarms to conftrufl new connbs. 

The greatefl a&ivity was obfervable among them : the ga- 
thering of honey, and (he produ6tion of wax continued until 
the middle of this month. 

July I6tli, the heat remained the fame : the field flowers, as 
well as thofe of the chefnuts and limes, were completely 
withered; they }ielded no more honey ; their pollen alone at- 
traded the working bees, ami they colleded it abundantly, 
but there was not any wax produced: the combs were not 
lengthened ; thofe of the young fwarms did not fill more than 
two thirds of their hives. ^ 

Augufl 9di. It had not rained for fix weeks, the heat was 
very powerful, nor was there any dew to allay it during the 
night: the black wheat which had been in flower for fome 
days, did not offer any honey to the bees; they found only 
pollen. 

On the 10th, it rained for feveral hours; next day the black 
wheat had the odour of honey ; in fad it might be feen glit- 
tering in their expan fed flow'crs. The bees found enough to 
feed them, but too little to induce them to w'ork at new wax. 

On the 14<th, the drought re-commenedd, aad lafted to the 
end of the month : no more honey appeared upon the dowers, 
a()|d when we vifited (he (ixty-fivc hives for (he lad time, we 
foun^, 1(1, that the bees had nut produced any wax after the 
middle of July ; 2d, that they had flored up a great quantity 
of pollen ; 3d, that tlie fupply of honey was much leflened in 
the old hives, and that hardly any remained in the new fwarms, 
that which they had collected in the fpring having been em- 
ployed in the preparation of wax; the pollen, therefore, has 
pot this property, and no further doubt remained on (his head. 

This year had nut been flormy, and I have fince afeeriained. Weather moft 
by a great number of obfervations, that electricity is (ingularly **** 

4? favourable ® 
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^ * fa\^rable to the feoreiioii of honey by the flowen: th^ beet 

never collect it in greater abundance^ nor is the preparation of 
wax ever more a6tive than when the wind is in the fouth, the 
air humid and warm^ and a dorm gathering. 

Heat too long continued, and the drought which is the con. 
fequence of it, cold rains, and principally a north wind, fuf- 
pend it entirely. 

THIRD EXPERIMENT. 

On the Ufe which the Bees make of the fecundating Povider, 

Exp. Illf In the fecond experiment the bees divl not touch (he pollen 

which I had placed within their reach, and, as its quantity was 
not fendbly diminifhed during this trial, I was induced to be- 
lieve that it was not an aliment proper for lliem. 

Whit is the ufe I alfo knew that the new fwarms were liable to perifh from 
of polleu? hunger in the middle of fummer, and even when the country 
was covered with flowers, if a particular temperature, which 
is too uncommon in our climate, did not favour the fecretionof 
honey in their neftaria. What, therefore, is the u(c of the 
pollen which they co!le6l with fuch avidity daring eight months 
of the year, and of which they by up fuch abundance?* 

This quedion remained to be invedigated. 

I had a hive, in dividons, the queen of which was barren ; 
its combs did not contain any pollen, but they had much ho. 
ney : the two narrowed fides of this hive were formed of panes . 
of glafs, through which the furfaces of the exterior combs 
might be feen, and the condu6t of the bees obferved. 

The queen, bee I took away the queen on the 16 th of July, but to confole the 
taken away. working bees I removed the fird and the twelfth combs, in 
which there wal not any thing to intered them, and I fupplied 
their places with two combs, the cells of which were filled 
with eggs, and worms of all ages. 1 carefully cut aw^ lit 
the cells in which pollen could be perceived, and diut up tli 2 

* Reaumur was of opinion that the bees of a well -docked hive 
might colleft at lead a hundred pounds of thisTubdanceiiithecourfe 
of a years I’ut, having remarked that the weight of wax, fabricated 
in the fame time, did not exceed two pounds, he concluded ** that 
the bees extract only a very fmall portion of the true wax from thi^ 
native wax, that the greated part of it is required for their nourifh- 
ment, and, that the reft is difeharged from their bodies in the form 
of excrement.*’ 

hive 
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Ilivei Vfilh a grating. My intention will be gaeffed: I wilhed « ' 

to know whether thefe infedls could fupport their young with- 
out tins fecundating powder. 

The next day nothing extraordinary occurred ; the bees fat 
on their eggs and Teemed to nurfe them. 

On the 18th, after fun-fet, a great noife was heard in the 
hive. Anxious to fee what occafioned it, we opened the fliuU 
ters, and obferved that all was in Confufion: the incubation was 
flopped; the bees ran over the combs in diforder; we faw 
thoufands precipitate themfelves on the Aand, thofc which 
were nearefi to the mouth eagerly gnawed the grating; their 
intention was no longer doubtful, they wifbed to get out of 
their confineinent. 

I was fearful of deftroying them by continuing to prevent 
them from yielding to their in Ain A, they were therefore fei at 
liberty : the whole fwarm came out, but the hour was unfa- 
vourable to their colle£ling, the bees did not go far from the 
hives, the darknefsi and the chillinefs of the air, foon compel- 
led them to return, and probably calmed their agitation, for 
we faw them quietly reafeend th^ir combs, and order appeared 
to us to be re-eAabli(hed. This moment was taken to clofe 
the hive again. 

On the 19th, we faw two royal cells begun on one of the Other royal criis 
combs of the nurfery ft^vuvainj; the evening of this day, and 
at the fame hour as the day before, we heard a great tumult in 
the clofed hive, it was in a general confufion, and we were 
again obliged to permit the fwarm to come out. 

The 20th was the fifth day of their captivity ; we thought 
it had been of fuiiicient duration, and were alfo very impatient 
to examine the nurfery, and to fee what wsjsr the caufe of the 
periodical agitation of thefe bees: fiurnens therefore opened 
the firfl and twelfth windows, and drove the bees liroiu the 
cor^s^fu tiering them to take their fiight in a room, the win- 
dows oP which were (hut. 

He firA noticed that the royal cells had not been continued, 
that they did not contain any worm, and that there was not an 
atom of the jelly wnich fervesfor the nourifliment and the era* 
die of the larvs of the queens. 

He fought in vain for eggs, for worms, and for the liquid in —but the pro- 
the common oelU; all had difappeared. Had thefe worms ^ 

died itiu 
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died of hunger ? Had we, by withdrawing the fecundbtiln^ 
powder, deprived the bees of every means of noorifbtng 
them ? 

To afcertain this h would be fufBcient to refiore them their 
pollen, and obferve iheiffue. The bees were therefore again 
returned to their prifon, after having fubdituted young worms 
ibr thoCs which had been fufTered to die. 

On the 22d, we found that the bees had faftened thefe combs, 
and that they were again in a (late of incubation ; we then gave 
them fome pieces of combs in which other bees had ftored up 
the fecundating powder, and, the better to obferve what they 
did with it, we took fame of the pollen out of the cells, and 
laid it expofed on the ftaiid of the hive. In a few minuted the 
bees difcovered the pollen in the combs, and that which we 
had taken out; they took it grain by grain in their jaws, and 
conveyed it into their mouths ; ihofe which had eaten moft vo- 
raoioufly re-afcended the combs, and placed themfelves, at 
firft, upon the cells of the young worms,*'which they entered 
with their heads foremoft,, and remained there a greater or ler> 
length of time. One of th<4 windows of the hive was now 
opened cautioufly, Burnens powdered the bees which eat the 
pollen, and watched them for fome hours; heobfervcfl that the 
marked bees always re-afcended to the nurfery, and immedi- 
ately entered the cells of the young bees. 

The 23d, we found the royal cells begun. 

The 24th, we drove the bees from oft’ the young w'orms, 
and we remarked, 

J ft. That all of them had the Jelly, as in the common hives ; 

2d, That the worms had grown larger, and were forwarder 
in their cells : • ^ 

3d, That others had been fliut up again ; And, 

4th, That the royal cells had been lengthened. 

The 2otIi, we withdrew the pieces of comb which ft tmd 
placed on the ftand, and found that the quantity of potlen K>a8 
fenfibly dimini(hed; we afterwards replaced them hi the hive 
with other cells filled with the fecundating powder* 

The 26th, the royal cells had been clofed during the night, 
as well as feveral of the common ones. 

The 27 ih, I reftored thefe bees to liberty ; Burnens examined 
the celU with the greateft attention, and found jelly in ail thofe 

which 
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whk4^ ftill contained worms^ but moft of them were (hat with « ^ 

B lid ot‘ wax : he exa^tined ibme of the laller, and (band Iho 
worms employed in fpinning cocoons of filk. 

All the worms had therefore been tended as in the natural 
hives. In this fecond trial we did not perceive any diforder 
in this hive; there had not been the leaft agitation: U is true 
forne of the working bees attempted to go out in the courfe of 
the day, but finding it impoflible, they re-afeended the combs 
quietly, which were never left for an infiant. The hive being 
abundhnlly fupplied.with honey, and with the pollen neceffary 
for their young, left them nothing to wifli for; and they were 
(till more happy when a queen was born, who afterwards be- 
came pregnant, and laid a great number of eggs. 

After thefe two experiments there could be no more doubt The pollen is 
that the fecundating duft was the aliment proper for the young 
bees, and that the want of this fubfiance was the caufe of their i>*es« 
death, and of the evident anguifh of their nurfes during their 
(irft captivity. * 


FOURTH EXPERIMENT. 

On Bees deprived of Honey and Pollen, and which it was at* 
tewpted to feed with Sugar ^ 

I wiflied to know if it was the faccharine part of the honey Exp. IV. 
which enabled I he bees to produce wax. - the* honey con- 

Burnens confined a fwarm in a glazed hive: one pound of uins the punci- 
Canary fugar was Iheir fole*aliment. P'” 

He put a fecond fwarm into another hive, and endeavoured 
to feed them with very coarfe raw fugar; and to obtain a term 
of compai ifon, a third fwarm was (hut up jfl the fUme manner, 
and fed with honey. 

The bees of the three hives produced wax; thofe fed' with 
tbt [ferent qualities of fugar produced it Ibooer than the 
fw^rm^wliich had only had honey, and they produced it in 
greater quantity. 

A pound of Canary fugar reduced to fyrup, and clarified Wax made froei 
with white of egg, yielded 10 gros, 52 grams, of a wax not SffewS 
fo white as that which the bees extrad from honey. ties. 

An equal weight of raw fugar gave 22 gros of very white 


Maple 
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^ < Maple fugar produced the fame effed. This expOrj^eni 

having been repeated feven times fucceffively, always employ- 
ing the fame we coaid not doubt that fugar contains the 
principles of wax> and we concluded that it was the laccha* 
rine part of the honey which had this properly. 

CONCLUSIOK. 

Coachiiionsi Thefe obfervations fliew^ 

1 Af That the wax comes from the honey : 

That the honey is alfo a food of the ArA neceffity to the 

bees ; 

3d, That Aowers do not always contain honey, as has been 
imagined; that this fecretion is fubjedt to the variations of the 
at|nofpliere; and, that the days in which it is abundant are 
very rare in our climate : 

4th, That it is the faccharine part of the honey which en- 
ables the bees to produce wax: 

5 th, That raw fugar yields more wax than honey, or refined 
fugar: 

6'tbf That the duA of the A^mina does not contain the prin- 
ciples of wax : 

7th, That this duA is not the food of the adult bees, and that 
they do not collcft it for themfelves: 

8th, Tliat the pollen affords the only aliment which is pro- 
per for their young, but that this fubfiance muA undergo a pe- 
culiar elaboration in the Aomachs of the bees to be converted 
into an aliment, which is always appropriated to their fex, their 
age, and their wants, fince the beA microfcopcs do not Aiew 
the particles of pollen^ or their coverings in the liquor pre- 
pared by the working bees. 

1 (hall fpeak of the economical confequences of thefe ob- 
fervations on another ocesfion. By Aiowing the breeders the 
real wants of the bees, they will be pofleAed of the m^ns^ 
alBAing them in time, in all their neceffities, and of pfereii*- 
ing them in climates in which nature has not placed them, and 
in which tliey could not profper without our aid* 
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An Enquitj^ concvrHing the Ndiure of Htnt, md the Modes .of 
iU CommuMcation. BswiAMtH Count qf RuMi'okD, 

F. P, R. S. 3fC. Abridged ftom the Fhilojbphical ^fhanyi 
a&iorufor 180K 

(Coiidudfld (rtm p» 634) 

Exp, 12.'X'wO equal cylindrical vefleb of (heet brafs po«Bxp. ta. 

iiflied very bright^ each three inehea in diameter and 

inches long, fiifpended by their oblique necka in a horizontal hra^d/do, at 

pofition, being placed on their virooden ftands, were filled 

with water at the temperature of 180® ; and their circular fiat 

bottoms were prefentedf in a vertical pofition, to the two 

balls of the thermofc^e> at the diflance of two inches. 

When the two hot bodies were prebntedf at the fame mo* 
ment, to the two balls of the inftrument, or what was fiill 
better, when two fereens were plated before the two halls^ 
at the dillance of about an inch^ and, after^ the hot bodies 
were placed, thefe fereens were both removed at the fame 
infiant, the bubble remained without motion in dhe middle 
of the horizontal part of the tube of the infirument# 

If the difiances of the equally hot bodies were rendered 
unequal, the bubble always moved towards the moft remote 
of the two ; and if a fingle hot body was prefented to one 
of the balls, the bubble \^as driven from it, and might have 
been carried quite out of the tube} which, however, was 
always avoided, as the inftrument would tfiavt; been by llmt 
means quite deranged. ^ 

Exp. 13, The flat circular bottom of one of the eyiindfioal £xp. 13 , A cy- 
veJels ws blackened by holding it over the flame of a wax 
candle, TOe other veflfel remaining bright as before. . Both g/vw 0 ^ niQia'^ 
were then filled with water at 180®, and prefented at equal ^^/^tbeat^sa 
diOBDCef 10 the li*o opppfite ball* of the inOroment, m de- 
feribed in the laft experiment. 

The bubble was inftantly driven out of its place by the 
fupertor adion of the blackened furface; and it did not retora 
to its former Ration until the blackened furface had been ye# 
moved to more than eight inches from the ball to which it was 
VoL, IX.— NovfiisBBR, 1301. O prefented; 
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* prefented ; the otfa^r, which had not been blackened, re- 
maining in iU firft portion, at the diltance of two inches. 

The other eoit- Other fimilar experimenU were made to (hew whether 
e^l^ated the eoatings or clothings which, in the former experiments 
cooling, were alfo with the large vetTels. had accelerated their cooling, did alfo 
Se*radktion?*^ their power of radiation, as (hewn by the procefs and 

inflruments laft defcribed. And the refults invaiiably proved 
that this is the cafe. 

It was alfo a queition deferving to be invefiigated. whether 
any peculiarity belonging to the metallic furface hitherto ufed, 
namely of brafs. might have influenced the refults. 
r4r^r5* Ejp. 14, 15* The two lafge cylindrical vefTels No. 1 and 2. 
AettrtdUte were covered with a tingle coating of oil varnith, and on this, 
equally. When fufficiently dry, was laid a covering of thick gold leaf 

upon No. I, and thick iilver leaf on No. 2. Thefe veflcls 
were cooled through the interval of 10 degrees, in the fame 
time as the naked velTel ofed as the (landard. Similar expe- 
riments with veiTels of tinned iron and of lead, (hewed that 
the radiation from all thefe metals, though fo different in their 
conducting power, is the fan)e. 

Is not this,” fays the Count. " owing to their being all 
equally wanting in tranfparency ? And docs not this afford us 
a ftrong prefumpiion that heat is. in all cafes, excited and 
communicated by means of radiations or undulations, as 1 
(liould rather choofe to call (hem 

And he proceeds to obferve. that another very important 
queftion alfo muft be decided before thefe points can be deter* 
mined, and that is. Whether bodies are cooled in confequence 
of the rays they emit, or by thofe they receive ? The celebrated 
experiment of Pifiiet has (hewn, in our author’s opinion, that 
rays or emanations proceed from cold bodies, which may be con- 
centrated by concave mirrors, and will affedi a delicatq^ air 
thermometer. 

£x^. i6, 17. Exp. 16, 17. The horizontal cylindrical vedels (Fig^ 3, 
.A coM Wy de- prefent volume) were made very clean and 

flWili ftff ul£ tfflH* ^ ' 

pmureafWher bright, were duly fixed, and left for feveral hours in a room 
Miei by radia- the thermofcope ; and when each veflcl was in fucceSon 
Mi^l horitoB- prefented to that inftrument. with every precaution to pre- 
ttily placed. vent irregularity from external circuroftances. it was not found 
to be affedled by them. One of the veflels lyas now taken 
away and filled with ice and water, and then prefented. at the 

diilance 
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d jRancie of four inches, to one of the balls of the tftermofcope; 

The Eiabble iromediale)/ moved towards the cold body^ and 
paiTed through the fpace of one inch* A nearer approach of 
the cold body produced a (iiii farther motion in the fame dl^ 
re^lion. 

£xp, 18 , 19 . Though this refult appeared to the Count to £zp. 189 19# 
prove indifputably that cold bodies emit rays capable of K®ne- 
rating cold in warmer bodies, yet# from the importance of the nesth ^ ther- 
he chofe to vary the fubltance prefented to the inflru- co6led 

ment, as well as to remove all fulpicion of the aaion of cold No cunentof ^ 
currents of air. He therefore laid the thermefcope on one coi^liatt 
fide, and placed underneath one of its balls a folid cake of ice,^^ 
at the difiance of fix inches. The refult of this experiment 
was the lame as of the other, and the bubble was moved one 
inch in the tube. Ice-cold water produced the fame efied as 
ice itfelf. 

£rp. 20. Whether this efiedt of cold bodies be governed by Cxp* to. Metil 
the fame laws as tlfofe obferved by varying the nature of the c^itd^a 
furface in heated bodies, or by any other, now remained to iaftramealmWd^ 
be afeertained. It was beforg found that metal bheJeened 
over a candle, did emit much more of calorific rays than the face at liniis shim 
fame metal when naked. The fame experiment was 
made with cold bodies. One of the cylinders had its end 
blackened, and the other cylinder was left bright and naked. 

Both were filled with ice and fait, and at the fame infiant 
they were fuffered to a6t from equal difiances on the thermo^ 
fcope. The bubble moved towards the blackened body ; not 
indeed fo much as when the bodies were heated in the former 
experiments, becaufe the temperature was not here fo far 
diftant from the common temperature of furrounding bodies 
as in that experiment ; but on feveral repetitions of the ex- 
periment with thefe cold bodies, the efiedt was conftantly the 

It was found that (he precipitation of ice out of the Ice ntisaii matt 
furrouming air tended fpeedily to raife the temperature, and**““"**^* 
alfo that the clean furface, when covered with ice, had a 


greater llrigorifie efied than when the metal was naked. 

21. The radiation of heat from animal fubftances ap-£<p. as. OoM- 
pearing^ from feme fads, to be confiderable, a piece of gold- 
liter’s tkin was applied wet to one of the vefiels, and re-morethtairnttl. 
aained firmly adherent when dry. TOi, when filled with 
#ater at 180 ^, and prefented to the tfaermolci^ in oppofltkm 

0 2 to 
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fo the other veflel clean and brighti and alfo filled with the 
fame fluid at the fame heat, was found to be much roore^fcalo- 
rific. THie bubble which moved from the coated body, did 
not return to its fiation until this body was removed to a dif» 
tance five times as great as that of the other. Whence our 
author concludes, that it emitted twenty-five times the quan- 
tity of calorific rays. 

Exp. xs; SUni-i Exp. 22. The vefTels ufed in the laft experiment were 

refilled with ice and water. They were then 
gold-beat- prefented at equal diflances from the refpedive balls ; and the 
4uced SorTwld®^®^ of the body which was covered with gold-beater’s Ikin* 
by radiation. was much more confiderable in producing cold. 

The radiation of cold bodies appearing to the Count thus to 
be proved beyond all doubt, he was defirous of afcertaining 
whether the frigorific rays pofTefs an equal power of affe6Ung 
the temperature of bodies as the calorific rays do ; the tem- 
peratures of the radiant bodies being at the fame diilance each 
way from the body to be aded upon. « 

^xpa %%• A hot Exp. 23, With this intention! one of the veflels filled with 
pounded ice and water, was prefented to a ball of the inftru- 
%iii^com« ment, ancf the other veiTel filied with water at 112^! was 
mii equal diflance on the oppofite fide of the fame 

diomfcops ball ; the temperature of the room and inflrument being 72% 

egoslly. or 40^ difiant from each of the temperatures of the vefTels, 

and the other ball of the inftrument being defended from all 
radiation by fereens. The bubble remained motionlefs; fa 
that the oppofite adions were in fad equal. And when either 
vefTel was drawn farther off, the effed of that veffel became 
kfs, and the bubble moved ; that is to fay, towards the ball if 
the cold veflel wejre nearefi, or from the ball if the hotter ; 
and thefe efieds were equal in quantity as well a$ in celerity 
of motion/ 

Why the cool- The Count again repekts his conclufion from thefe £xpt- 

hal beenSIfi no exhibited to Profcflbr Pidet, M. de SsMTui®, 

ticed. xnd M- Senebier at Geneva, that the rays which generate cold 

are juft as real and juft as intenfe as thofe which generate, 
heat ; and he proceeds to account for this refult having 
overlooked! by obferving, that the degrees of cold We are abUg 
to produce^ are much lefs diftant from the ufiial temperature 
than thofe of heat, which are within our power* Thus a can^ 
non ball, heated to IflJ degrees, or 7Q degrees atiove bloodo 
. ‘ " heal. 
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hOit would radiate quite as much as ice; and a bullet 6f 
fteesing mercury would radiate fcarcely more than another of 
boiling water: both which hot temperatures are very trifling 
in comparifon to the heat in which we are habituated to notice 
and obferve this phenomenon. 

Exp, 24. After the proof that cold bodies of tlie fame kind Exp. 24. The 

affect the thermofcope equally, when equally diflant from the 

common temperature, it remained to be determined whether moft heat by ira* 

the different modifications of furface have the fame eflfedts in**“^l®"» dorifo 

proqucc Qioft 

the ready propagation of lower temperatures, as they had cold. 

(hewn before in higher. To fliew this, it was only required 
to oppofe them to each other, as to their action upon the fame 
ball, as in the lafl experiment. With this view both difcs 
were blackened, and, the temperature of the room being 72^ 
as before, one of them was charged with ice and water, and 
the other with water at J 12^. Thefe, at equal diflances from 
the ball as before, did not aflfed the bubble, and therefore their 
anions were precifely equal. 

In the confideration of two Jcmds of rays, calorific and l^o not the faint 
frigorific, it did not efcape the attention of our author, that 
hot and cold are terms denoting mere relations ; fo (hat the the tempwaturt ’ 
fame body will be either hot or cold accordingly as the com- boSe8*irh?gher^ 
inon temperature, or temperature of the bodies of com pari- or lower than the 
fon, is lower or higher. Queftioning, therefore, as to the 
diflFercnce between calorific and frigorific rays, lie demands 
whether the fame rays may not be either calorific or frigorific, 
accordingly as the body at whole furface they arrive, is hotter 
or colder than that from which (hey proceed ? 

Erp. 25. The whole of the external furftiCe of one of IheE^P- »5- MeuI 
large cylindrical paflage thermometers. Fig, 1, Plate J, was 
covered with gold-beater's fkin, and, along with the flandard ikin cools fafter# 
infti1imf«t of the fame kind, was filled with hot water. The 
covered milrument cooled through the ftandard interval of 
ten degrees, namely, from 101 J to 91 f, in twenty-feven and 
three quarter minutes ; but the naked inftrument employed 45 
iniuates in palling through the fame interval, 

Exp, 26. Both inftruments were fufiered to remain in 
cold all night, when the temperature in the naked inflrurnent heat 
was 50 and that of the covered inflrurnent 49 ; (he air quickly, 

of the room being 48*^. Both inflruments were (hen removed 
intQ a warm room, of which the temperature continued be« 

tween 
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iween $4^ and 65^. The covered infirumeht acquiretf heat 
the mod rapidly ; for in a quarter of an hour both flood at 
5 ]p^ and at the end of four hours the naked inflrument 
(hewed the temperature 61^. and the covered 63^^ : whence 
the Count obferves, that tbofe fubflances which part with 
heat the moft readily* have alfo the greatefl facility to ac- 
quire it. 

Rsy» ** He then proceeds to reafon on the probability that the tem- 
^ter peratures of bodies may be changedi not only by the rays 
the heats of bo- they emit* but by tho(e they receive from other bodies ; and 
as the cooling of hot bodies is fo much accelefated by covering 
their furfaces with Aibflances which affedl the radiation or ab- 
Radiation doei (orptiop* he thinks it highly probable that the air is but little 
sot heat the air. 3 , to its temperature* by thefe rays which pafs 

through it ; and he contemplates the eflablidiment of this fup- 
pofition* as promifing to explain various interefling pheno- 
Steady tempera- nomena ; particularly that of the fleady temperature of living 
ture of animals* notwithftanding the great quantity pf heat generated 

in liieir lungs* apd the dilfgrent temperatures of the fluid 
which furrounds them* ^ 

inay be aBFeaed fop it is pvident* the greater power an animal may pofTefs 
bp ladiiuon. growing off beat by radiation* independently of the efTedl 
pf the contact of the furrounding air* the lefs will his tem- 
perature be afleded by the changes ip that fluid* or the op- 
Inftance in ne- preffiye heat of the climate. The probability that negroes 
people of colour* who fupport the heats of tropical cli- 
mates much better tlian while people* offers itfelf in this 
place as the confequepce of their colour; a quality which not 
only enables them throw off heat* but even* as the Count 
piuch fufped^* to abforb frigorihc rays from fuch bodies as 
may emit them. 

Exp. *7. Black Jay, 27, When the flat ends of both the horizontal c^iin- 
mtrmmbrine' drical veflels were covered with gold-bcaler's Ikip.lShdeDne 
increafea ndia- of Uiem. painted blacJiL upon the covering with Indian ink* 
EmiiTion indicated by the thermofeope* emitted moie 

calorific rays from the included hot water than the other veHcl 
did* ' 

and aHb recep- 2S. When the &me two veflels filled wilh bojUng-hot 

. water* vjfote fet to epol* the blackened vclfel cooled Ihrotigh 

the flandard interval of ten degrees in 23{ minuies* whrle 
the other# which was not blackened^ employed 28 minutes. 

4 The 


may be affefted 
by isdiation. 


tion. 

Emiilion* 


and aHb recep- 
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Tjfe author again rwerls to the application of theb faftfi rf iAb 

ip animal bodies. Whether the oily coating which of 

apply to their Ikins in cold climates^ may not add to their ftc. and of the 
comfort by refledbng frigoritic rays ; whether the Hottentots^ Tn 'tWn" of 

fiill more difguftingly befmeared, may not derive advantages negroes, 
fimllar to tbofe derived by negroes from their black colour? 
are quefiions that promife to lead to refulls of pradical value. 

He then proceeds to explain more fully the manner in which 
negroes may be fuppofed to refill Che adion of a burning fun. 

An oil exudes from the (kin of thefe people when expofed 
naked to the fun; which oil reflects the fun’s calorific rays. 

Heat more intenfe produces fweat« which not only aids tlie 
former procefs^ but generates cold by evaporation. But when 
the fun is fet^ the oil retires from the furface» and the tkin 
becomes well adapted to admit frigorific rays from the neigh- 
bouring bodies. 

Exp, 29. The thermbfcope was perceptibly afieded by tlie Exp. Vsfti 
radiation of cold fiodies : It was defirable to know whether 
this effefl would be (hewn in a grotTer way» by accelerating radiitLa fctun^ . 
the cooling of a hot body. ^ For this purpofe, two conical 
vefieU of thin (lieet brafs, each four inches diameter at the 
bafe, and four inches high, ending above in a cylindrical 
neck, were fi^arately enclofed in a cylinder of thin pafie- 
board covered with gilt paper, and then the vefiels were 
covered up with rabbit-ikins having the hair on them^ in fiich 
a manner that no part of thefe veiTels, except their flat bol- 
tomsy was expofed naked to the air. The bottoms were co- 
vered with gold-beater’s (kin painted black with Indian ink, ' 

in order to render them as feniible as pofliblc to calorific 
and frigorific rays, , * 

The two vetfels thus prepared were fufpendedf with their 
bottoms downwards from the arms of a (land, and under each 
was jlaced a pewter platter blackened on the infide by fmoke 
(^om a candle. The platters Ihen^felves were fupporled on 
(hallow earthen di(hes which refied upon wooden (lands; eacii 
pewter platter having a perforated cover of (hkk paper, in the 
center of which was a hole fix inches in diameter. The diflance 
from the floor of the room to the finoked furface of each platter 
was 40 inches, and the interval betweep the furface of each 
conical veflfel and its correfpondent platler immediately beneath, 
was four inches. One of the platters remained at thelempera- 

lure 
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* « tufe of the room, but the other was kept conftantly icenCoM 

by means of pounded ice and water contamed in the di(h 
beneath it. 

The two conical veflfeis were now filled with boiling hot 
water, and every precaution was taken to prevent agitation in 
the air; the only means by which an afeent of cold fluid could 
be fufpedled. The refult of the experiment was that the 
veflel fufpended over the ice-cold platter coolc-d from 50® to 
that of 40^ above the temperature of the room, in 33 minutes 
and 42 feconds ; whereas the other veflTel required 39 minutes 
and 15 feconds to cool through the fame interval. 

30. Repe- Jixp. SO. Upon repeating this experiment the next day, 
tiuon. times were 33 minutes 15 feconds and 39 minutes 30 

feconds. 

Velocity of cool- As the cooling of thefe veffels is a complicated procefs which 

bjfthTridUtfrtn includes the confideration of the heat that pafled through the 
from ice, in the covered fides, in thefe different times ; the Count enters into 
ratio of $^4- ^ procefs of computation, founded on the principles made ofe 
of at page 61, by which he determines that the velocity with 
which the heat pafled through t^*he bottom of the veflel expofed 
to the ice, was to (hat with which it pafled through the bottom 
of the other vetfel as five to four nearly. 

^xp. 31. Pro- £jp. 31. By the manner of defending the two conical veflcls 
hcat*Mb?irbcc?by ^ circular band or hoop of the fine pod paper which 

the air when a projfc^ed half an inch below its bafe, Jt is evident that the air in 
fpace could not pafs upwards, as it became healed by con- 
placc. It was «nd confequently , that very little of the cooling cfFeft could 

then one have been produced by the contad of an afeending current. To 

^holc lofs. afeertain what (hiseffe^ might have been, the two veflels were 
fufpended as before ^ but one of them bad its bufe inclined in 
an angle of 45^, while (he other bafe continued horizontal. In 
this fituation they were filled with boiling water, and 
fered to cotd without the platter and flands beneath^ hem. 
Two efie£ls would follow from thefe arrangements : the veflel, 
which in the other experiment had been placed over a platter 
at (be temperature of the room, would now cool a very little 
fader by the abfence of (hat platter, which no doubt mud have 
had its temperature a little railed ; and the inclined vedel in 
the prefent experiment would be cooled feme what more fpee- 
dily, by the fucceffive contain of the afeending current of air 
ivbich was at liberty to rife. This velTel was found to rool 
trough the dandard interval of 10® in 31 \ minutes, and the 

horizon ta 
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(tofispntEl velfel employed SSj minutes. By reft^rring Ibefo » * 

fiidU to computation, the Count find« that the heat loft by 
adtual communication to the air, is nearly TT part of the wholO 
lofs. 

Exp. 32. The counter radiation by the platter, which was Exp. 3a. Velo* 
ftated under the laft experiment as impeding the cooling pro* retarded by^tlte 
cefs, aftbrds the important profpect of explaining the efied of vicinity of other 
clothing, and therefore deferved to be more 
The experiments 29 and 30 were therefore repeated, with the 
diftance of three inches only between the bottom of each velTel 
and its correfponding platter. The times of cooling through 
10^, were now 33^ minutes and 40^ minutes. 

Exp. 33. And when the diftance was diminifhed to two^^P* $3* Btpe« 
inches, the tim^s proved 32f minutes and 42| minutes. 

Thefe experiments (hew that the vicinity of a cold body, T**® ^ 

of which tjie low temperature is not kept up by artificial "ea^n fuUofl 
means, retards the cooling of a hot body. And from this tion will confti- 
fadl the Count concludes, that if the hot body had been a * stsshiau f 
globe fufpended in the center of another larger thin hollow 
fphere, of the fame temperaUire, at the commencement, as 
the air and walls of the room, the cooling would have been 
more (low than if the external globe had not been prefent ; 
and alfo, if the external globe itfelf were included in another 
globe of the fame dcfcription, the retardation would have 
been (till more confiderablc. And by extending this fuppoled 
experiment to a number of thin concentric hollow fpheres, we 
may conceive a great retardation to follow, and fliall become 
acquainted with the nature of the effeiSls which take place 
when a hot body is furrounded by proper clothing. 

> If the fpheres were metallic, the cooling W 4 )u Id be (lower more etTe^ual if 
if the furfaces were polilhed than if unpolithed or l>Ia«^kened ; ^ 

'i^ience it is highly probable, that the warmth of any clothing 
depe^s very much upon the polifh of its furface. 

*Thc microfeope (hews that thofe fubftances which fapp]yFiiu« feathen, 
us with the warmed coverings, fuch as furs, feathers, highly pSiih^. 
and the like, have their furfaces highly poli(hed; and the 
finer (he fibres, or the greater number of interpofed polifhed 


furfaces, the warmer is the clothing. 

In the former experiments of Count Rumford, he confidered^bthini defeada 

the warmth of clothing as principally depending on fhc 

ftacles it oppofes to the motion of the furrounding cold air ; prewncing cir- 

but of 

ain 
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^ by a paiieni and careful examination of Ibe fabje^^ be 

is copvinceid that the efficacy of radiation is much greater then 
he had Tuppofed ; from the refult of the experiment No. $1. 
it appears that a very fmal) part of the heat of a body cooled 
in the air« is in fad communicated to that duid ; much the 
greateft portion being communicated to furrounding bodies at 
a difiance ; and, in one of his former experiments, a hot body 
was cooled, though it was placed in a torricellian vacuom* 

Ah heated only He confiders the heat which air receives by coming in con* 

and by^radiation body, to be communicated by radiation, in the 

’ fame manner as it is received by other bodies at a greater di(> 
tance ; and he apprehends that the contiguous particle receives 
the heat in preference for no other reafon than becaufe it is at 
the furface of the fluid, tins being the place where refledion, 

V refradion, and increafe of temperature, take place; and, 
from thefe confi derations, he explains what has been called 
the non-conduding power of tranfparent fluids. 

Amlogy be- By extending the analogy of thole fads which we know 
light and concerning the eflfed of poliflied furfaces on light, to the ra- 
diations of heat alfo, the preceding eafily explained. 

The frigorific rays are refleded externally, and a large por- 
tion of the calorific rays, which would have ilfued forth through 
a rough furface, are, in the other cafe, turned inwards by 
refledion. 

A drop of water '^be poliflied furface of a drop of water, which rolls about 
ftfifti the heat at a difiance from the face of a piece of red-hot iron, enables 
’I* refled the caloriflc rays ; the water acquires little heat, 
and evaporates flowiy. 

With a lefs heat the w^ater enters the pores of the oxide 
upon the metal, tofas its polifh, acquires heat very rapidly, 
and is foon evaporated. 

It retains \u po- If the *metal be lefs oxidable, as, for example, a (liver- 
hlh longer m fpoon, the drop of water will fupport or refift a low» heat. 
.flfttiBore. * fad it does not fo foon lofe its polifh ; but at a fiilF iowt&r 
heat, that is to fay, a little above boiling- water, a drop of 
water is infiantaneoufly evaporated. 

Cap. 34 ^ Water 34. A clean pplifhed fpoon, rendered black by holdr 

^acikened^w^i^" **’g ^be flame of a wax candle, will receive a large 

fiaokr, cannot ^^op of water, which will roll about without wetting the 
be made to boil, blackened furface. This drop cannot be made to boil by 
holding the fpoon over the flame of a candle. When the 

fpoon 
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tpo^tfh too hot to be held by Hs hendle. 'the drop of wetor • * 

poured into the palm of the tend is warm* but by no rneaiw 
fcalding hoL 

Exp. 35. If a large drop of water be formed at the end off^P* 35* 
a fmall fplinter of light wood* and the drop be tbriiA ^Q^chly ^ 
into the center of the flame of a newly fnufled candle* it will candle* i« aw 
remain for a confiderable time in the center of the flame* 
without being apparently affedted by the heat; and if it be 
taken out of the flame and put upon the hand* it will not be 
found to be fcalding hot. If it be held for fome time in the 
flame* it will be gradually diminiflied by evaporation ; but it 
does not appear that the beat is communicated by the flame* 
but by the wood to which it adheres* which is toon heated* 
and at lad fet on Are* 

The remainder of the Count's memoir con fids of theoretical Why tbe che»« 
remarks and inferences* occupying 29 pages of the Tranfac-”^*®*!!^”^^ 
tions. I have endeavoured faithfully to defcribe the fadls inabrid^. 
the way of abridgement* but cannot with the fame taciHty 
do judice to thefe argumentative refults. I (hall therefore* 
for the prefent* conclude my^ccount of his paper ( but may 
not perhaps wholly overlook his theories upon foroe future 
dccafion. 


XIIL 

Letter from Profejfor Veau-de-Launa Y to J, C. Dela- 
M ETHER IE* OH fulminating SilvcT*^ 

As it is at all times ufeful to date fa^s* wjiatever may be Accident with 
the refulls, I think it right to inform you of an accident which 
"bccurred in my laboratory. 

^ I employed one of my pupils* a very good operator* to 
prepare a fmall quantity of fulminating filver* which heexecated 
with ikill. 

The quantity obtained was about five grains* or a quarter of 
a gramme : it was depofited in a cryflalcapfule about two lines 
in thicknefs. He had taken a (matt quantity* about half a 
grain* which was feparated with a cardi and then dried* and 

^ From Journal de Fhyfique* Flareab An* XII* 

afterwards 
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• afterwards detonated by flight friftton. Next day; fhaf is far> 
fay twenty-four hours after the preparation, this young perfon 
was defirous of taking an equal quantity from the capfule to re- 
peat the experiment, but he had fcarcely touched ihe preparation 
with the corner of a card when a violent detonation andexpio-* 
fion took place in the capfule which was (haltered into a thou- 
fand pieces. His face was covered with the vaporifed prepa- 
ration, which was almoft black, and adhered ftrongly to the (kin : 
his eyes experienced a firong (liock, which produced extreme 
pain ; the opaque cornea became red and inflamed. Happily 
his fear was the greateft evil : by wafliing and bathing his eyes 
and (ace frequently with cold water, the efTefts of the detona- 
tion were foon diflipated. 

Fortunately, none of the fragments of the glafs had touched 
his eyes or his face ; they were thrown nearly in a horizontal dt- 
reftion,'to a confiderable difiance: Some were thrown upwards 
of twelve feet. « 

As the effefts of this preparation may have more calamitous 
confequences. I think it ufeful to be guarded againfi the dan- 
gers which it may occaiion. ^ 


XIV. 

Pyrotechnic Obfervations^ with their application to evaporating 
Furnaces *. By ClL Curauoau, Correfponding Member of 
the Apothecaries Society of Paris, and Rejident Affociate at the 
Atheneum of Arts, 

Since I puUiflied^myobrervatlons on the caufes of the 
imperfe^ions of evaporating furnaces, I have had occafion to 
make others on the fame fubjeft, the application of which may* 
add to the advantages in their confiru^ion which 1 have (nade* 
known. 

Dliadvintages in I" memoir, I proved that the bottom of the copper 

the conftruaion in the evaporating furnaces, not only obfirudls the elevation of 
temperature, but alfo diminiibes the adivily of the fire, and 
is rather favourable to the gazidcation of the combuftible body, 
than to its oxigenation : I cited the lamp of Argand with its 

* From Annales de Chimie, No. 149, Floreal, An. XII. 



ow BVAfOEATiKO PUKKACBt^ 


Butt. 

giafs chimney, as an example of the necelhtj of reifing tho i 

temp^atare round the combuftible, whenever acompleal and* 

powerful combuftion is required. At prefent, I (hell take the 

enameller’s lamp as an example in fupport of my newobferi^a^ 

tions : 1 may fay that 1 am indebted to the examination of its 

ciToctSf for thole which it has led me to make. In fadt, if the Effedli of dit 

jet of the flame of an enameller’s lamp be examined, ii will be o2*the flsmt ^ 

found that the intenfity of itsadtion depends on the current of Afx*nd*i lsai|^ 

air which is diredted on the flame of the wick ; it will alfo be 

feen, that ii is only at the extremity of its jet that the greateft 

energy of the calorific rays exifls, and that its intenfity isfuch 

lliat, by means of this lamp, efledls may be produced, which 

are, comparatively, ns powerful as Ihofe obtained in our befi 

furnaces. 

This mode of adtion of the caloric proves, therefore, that its 
elTedts may be augmented, by augmenting the rapadity of its 
current, and by diredting it ikilfuliy upon the body to be heated. 

Thefe are the conditiuns which 1 have endeavoured to unite in 
my new conflrudtion, and which, agreeably to the application 
1 have made ot them, are employed to fupport an opinion which 
required an experiment on a lai^e fcale to efcape being placed 
in the clafs of hypothcfes. 

Having been lately confulled upon the conflrudlion of a applied to works 
brewer’s furnace, I took the opportunity to (how the great ad-®"* 
vantages of the alterations which my obfervations appeared to 
me to render neceflary, and to induce the proprietor to conflrudt 
his furnace according to the plan I fent him. 

The following is the refult of the experiments which were Compariron of 
made to afcertain tbe advantages poiTeflTed by the new furnace*'"”* furnaces, 
over that which it leplaced. • , 

The old furnace required 2| hours to raVe th^ temperature 
of 2500 litres of well-water to 50" of Reaumur, and confumed 
in 'fhe operation, which was repealed daily, 625 kilogrammes 
of pewP^ry wood. 

The prefent furnace, on the contrary, confumes only 450 
kilogrammes of wood in the fame operation, and is only one 
hour in raiflng the temperature ^f 2500 litres of well-water 
to 50"* : Whence it refulls, that this new cofiflrufilioji evident!/ 
makes a (aving of time and nearly one third in the com*^ 
builible. 


Such 
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Such advaniafetappeared to me to be of fufficlent importance 
todelerve to be known, and to make it defirable that advan* 
tage may be taken of a new procefs which will have great 
indoence on the economy of the fuel neceflary in manufac- 
tures. 


Defcription qf the Furnace^ Plate 

Defrnadffaof Opening of the fire-place: it is 16 inches wide and IS 

B. This part of the furnace refembles a vault : It is 21 1 
inches in height, 3]| in width, and 5 feet in depth. To add 
to the effed produced by the heat, I give the middle of the 
fire place a depth of 2 inches more that at its fides, which makes 
it preceptibly concave. 

C. An opening made in the middle of the vault, and which 
is intended to increafe the rapidity and the a£tion of the calo- 
rific rays ; it is 5 inches high, and is equal in thicknefs to the 
vault. In its lower part, this opening is inches long, and 
17^ wide; and, in its upper part, is 19| long, and ISf wide, 
which gives each extremity of^tho opening the form of a fphe- 
roid whofe longed axis is in the direflion of the length of the 
vault. 

D. The didance of the copper from the orifice for (he heat 
IS 5 inches in the middle, and is reduced to 4, at the angle 
£, which gives the advantage of concentrating the calorific 
rays, in proportion as they lofe their intend ty by their ex- 
panfion. 

From the angle £ to that at F, there is a didance of 13 
inches : the re-entering angle of F is 2\ inches from the cop- 
per, and it| faliant angle only one inch. 

G and H Ire angles fimilar to that at F, but which are 1 1 
inches dfllant from each other: thefe angles may be multiplied 
according to the height of the copper. Tiie advantages which 
they give confid in making the calorific dream underg Aevaral 
* breaks, which increafes their power at the place of their 
deviation. 

I is an opening communicatjng with the chimney : it is 27 
inches wide and 5 inches high. At the angle H, half the 
circumference of the fiirnace fliould be clofed by a row of' 
bricks, for the purpofe of forcing the heat to direA itfelf from 

the 
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the l^e oppofite to the chimney; immediately above this « * 

courfe of bricksi thofe which fucceed muft be removed four 
inches from the copper^ and continue fo to the height of fouf 
inches; afterwards each courfe of bricks muft be brought 
nearer^ fo that this refervoir of heat may be clofed at the 
height of five incheSj which mufi be *done round all the cir* 
cumference of the copper. 

K is the opening of the chimney : it mud be three decU 
metres fquare through all its height^ and at lead four metres 
high. 

L is a blower of hammered iron ; it is one metre above the 
copper^ and ferves to open or clofe the chimney at pleafure. 

The proportions laid down in this plan are intended for a 
copper four feet three inches 'wide in its lower part, and 
forty inches deep. 


XV. 

An Account of a curious Phenomenon ohfervtd on the GlaeUrs (jf 
Chamouny\ togetha* with Jbme occafional Otferratiom con- 
cerning the Propagation of Heat in Fluids, j^yBcNjAMiN 
Count of Rumford, V, P, R» S, Foreign Affociate qf the 
National Inftitute of France, i^c, 4*c. * 

In an excurfion which I made the laft fummer, in the month Cylindrical pit 
of Augud, to the Glaciers of Chamouny, in 

Profeflbr Pi£!et of Geneva, 1 had an opportunity of obferving, i„g ^ 

on what is called the Sea of Ice, (Mcr de Glace,) a phenome-* 

non very common^ as 1 was told, in thofe high and cold regions, 

but iftrhich was perft ftly new to me, and engaged all^my atten- 

Cjpn. At the furface of a folid mafs of ice, of vad thicknefs 

and Ci^tent, we difeovered a pit, perfectly cylindrical, about 

feven inches in diameter, and more than four feet deep ; quite 

full of water. On examining it on the in fide, with a pole, I 

found Aat its fides were polifiied ; and that its bottom was her 

mifpherical, and well defined. 

This pit was not quite perpendicular to the plane of the 
horisos, but inclined a little towards the fouth, as it de« 

• Phil. Tranf. 1804, p. 23, 

feended ; 
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* , (bended; and» in eonfeqaence of this inclination, its q^outh 

or opening, at the furface of the ice, was not circular, hut 
elliptical* 

They ire fre- From our guides I learnt, that Ihefe cylindrical holes are fre- 
^ttently found. found on the level parls of the ice ; that they are formed 

during the fummer, increahng gradually in depth, as long as 
the hot weather continues ; but that they are frozen up, and 
difappear, on the return of winter. 

Inference againft ^ I would atk thofe who maintain that water is a condudor 

tbeconduaing heat, liovv thcfe pits are formed ? On a fuppofition that 
poWer of water. , . ^ . *^*^ . , * 

there is no direct communication of heat between neighbour- 
ing particles of that fluid, which happen to be at different 
degrees of temperature, the phenomenon may eafily be ex- 
plained ; but it appears to me to be inexplicable on any other 
fuppofition. 

The quiefeent mafs of water, by which the pit remains con- 
llantly filled, muft neceffarily be at the temperature ef freezing; 
for it is furrounded on every fide by ice: btlt the pit goes on to 
increafe in depth, during the whole fummer. From whence 
comes the heat that melts thence continually at (lie bottom of 
the pit ? and how does it happen, that this lieat a6ls on the 
bottom of the pit only, and not on its fides ? 

Solution of the Thefe curious phenomena may, I think, be explained in the 
effed by the following manner : The warm winds which, in fummer, blow 
water above aero, over the furface of this column of ice-cold water, mufl undoubt- 
edly communicate fome fmall degree of heat to thofe particles 
of the fluid with w'hich ibis warm air comes into immediate 
contafl ; and the particles of the water at the furface fo heated, 
being rendered fpecihcally heavier than they were before, by 
this fmall increafe of', temperature, fink flowly to the bottom of 
the pit ; wherelhey come into conta£l with the ice, and commu- 
nicate to il the beat by which the depth of the pit is continually 
increafed. . 

This operation is exaSIy fimilar to that which took pmee In 
one of my experiments, (See my EfTay on the Propagation of 
beat in Fluids, Experiment 17,) the refults of which, no perfon^ 
to my knowledge, has yet explained. 

Conilant tern- There is another very carious natural phenomenon, which I 

explained in a fatisfadory manner, by thofe 
Tdeep take*, ^ who ftill rcfufe their affent to the opinions I have been led to 

fFeredmfup. adopt, refpcding tlie manner in which heat is propagated 
ore of the non- ® . 

in 
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In fluids* The water at the bottoms of all deop lakes Is con- com^ Amg pru- 
ftantJy at the fame temperature, (that of 41® Fahrenheit,) ^“*‘**‘ 

fummer and winter, without any fentible variation. This 
fa£t alone appears to me to be quite fafficient to prove, that if 
there be any immediate communication of heat between neigh- 
bouring particles or molecules of water, de procheen pruchc, or 
from one of them to the other, that comm«Linication mud be (o 
extremely flow, that we may with fafety confider it as having 
no exiflence ; and it is with this limitation that I beg to be 
underflood, when I fpeak of fluids as being non-condu61ors of 
heat. 

In treating of the propagation of heat in fluids, I have hitherto 
confined myfelf to the invefligation of the Ample matter of fadf, 
without venturing to offer any conjectures relative to llie caufes 
of the phenomena obferved. But the refults of recent experi- 
ments on the calorific and frigorific radiations of hot and of cold 
bodies, (an account^of which 1 fliall have the honour of laying 
before the Royal Society in a fhort time,) have given me fome 
new light refpeCling the nature of heat, and the mode of its com- 
munication ; and 1 liavc hopciif of being able to fliow why all 
changes of temperature, in tranfpurent liquids, mull ncceflarily 
take place at their furfaccs. 

I have feen with real plcafure, that feveral ingenious -gen- Notice ofeKpe- 

tlcmcn, in London, and in Edinburgh, have undertaken the ***'“^^ 

. r . . ct • r 1 - dodtniic. 

invefligation of the phenomena ot the propagation of heat m 

fluids ; and that they have made a number of nevv and inge- 
nious experiments, with a view to the farther. elucidation of that 
mofl interefling fubjeCt. If 1 have hitherto abflained from 
taking public notice of their obfervations on the opinion 1 have 
advanced on that fubJeCt, in my different'publi^ations, it was 
not from any want of refpeCt for tliofe gentlemen ,that 1 re- 
mained filent, butbecaufe 1 flill found it to be quite impofliLle 
to explain the refults of my own experiments, on any other 
principles than ihofe which, on the mofl mature and dilpaff 
Aonate deliberation, 1 had been induced to adopt ; and becaiife 
my own deperiments appeared to me to be quite as concluA ve 
(to fajtno more of them) as thofe which were oppofed to them ; 
and^ laftly, becaufe 1 conAdered the principal point in difpute, 
relative to the paflage of heat in fluids, as being fo clearly 
eflablifhed by thecircumftances attending feveral great opera- 
tlorii of nature, that this evidence did nut appear to me to be in 

VojL. IX. — NovEMaEK, iSQL P danger 
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• danger of being invalidated by conclufions drawn from \)artia1 
and imperfc6l experiments, and particularly from fuch as are 
allowed on all hands to be extremely delicate. 

Heat of the fide? In all our attempts tocaufc heal to dcfccMul in liquids, the 
and dcfceS’g Unavoidably communicated to the fidcs of the containing 
current in a vef- veflel, muft occafion great uncertainty with refpedl to therefuH^ 
fel of ice. experiment ; and, when tliat veflel is conilrufted of ice, 

the flowing down of the water refulting from the thawing ot 
that ice, will caiife motions in the liquid, and confequently iiN 
accuracies of flill greater moment, as I have found from my^ 
own experience; and, when thermometers immerfed in a liquid, ^ 
atafmali diflancebelowitsfurfacc, acquire heat, inconfequence 
of a hot body being applied to the furfacc of the liquid, that 
event is no deciflve proof that the heat acquired by the thermo- 
meter is communicated by the fluids from above, downwards, 
fiom molecule to molecule, de proche en proche; (b far from 
being fo, it is not even a proof that it is from the fluid that the 
thermometer receives the heat which it acquires; for it is pofli- 
ble, for aught we know to the contrary, that it may be occa- 
fionecl by the radiation of the tot body placed at the furfacc of 
the fluid. 

Reference to the In the experiments of which I have given an account, in my 
experiments of q^, Propagation of Heat in Fluids, great raafl’es, 

itanding over many pounds in weight, of boiling hot water, were made to 
Ice* repofe for a long time (three hours) on a cake of ice, without 

melting but a very fmall portion of it ; and, on repeating 
the experiment with an equal quantity of very cold water, 
(namely, at the temperature of Fahrenheit,) nearly twice 
as much ice was melted in the fame time. In ihefe experi- 
ments, the c|ufes*of uncertainly above mentioned did not 
exifl : and the refults of them were certainly mod flriking. 

The conclufions which naturally flow from thofe refults, hare 
always appeared to me to be fo perfe611y evident and inejf puta- 
ble, as to Hand in no need, either of elucidation, or of farther 
proof. 

If water be a conductor of heat, how did it happen that the 
heat in the boiling water did not, in three hours, And its way 
downwards, to the cake of ice, on which it repofed, and from 
which it was feparated only by a flratum of cold water, half an 
inch in thicknefs ? 


I with 
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1 v^ifli that gentlemen who refufe their alTent to the opinions Reapitulatory 
1 have advanced refpedting the caufes of this curious pheno- **^*“’”**''®" 
menonj would give a belter explanation of it than that which I 
have ventured to offer. 1 could likewife wifli that they would 
inform us how it happens^ that the water at the bottoms of all 
deep lakes remains Conflantly at the fame temperature : and, 
above all, how the cylindrical pits, above deferibed, are formed 
in the immenfe mafl'es Of folid and compact icc which compofe 
the Glaciers of Chainouny ! 

^ A remark, which furprifed me not a little^ has been made by Notice of onere* 
a gentleman of £dinburgh| (Dr. Thompfon,) on the experi- 
ments I contrived, to render vifible the currents into which 
liquids are thrown on a fudden application of heat/ or of cold. 

He conceives, tiiat the motions obferved in my experiments, 
among the fmall pieces of amber which were fufpended in a 
weak folution of potafh in water, were no proof of currents 
exifling in that liquid; as they might, in his opinion, have been 
occafioned by a change of fpecific gravity in the amber, or by 
air attached to it. I am forry that fo mean an opinion of my 
accuracy as an ohferver (houlfl have been entertained, as to 
imagine that I could have been fo eafily deceived. For nothing 
furely is ealier, than to diflinguifli the motion of a folid fuf- 
pended in a liquid of the fame fpecitic gravity, which is 
carried along by a current in the liquid, from that of a body 
which defeends, or afeends, in the liquid, in confequence of 
its relative weight, or levity. In the one cafe, the motion is 
uniform; in the other, it is accelerated. In a current, the body 
may be carried forward in all directions, and even in curved 
lines ; but, wdicn it falls in a quiefeent fluid, by the a^Iion of 
gravity, or rifes, in confequence of i^s bei^g fpccifically 
lighter than the fluid, it niuft iieceflarily move in ji vertical 
il^reClion. 

^Thi* faCt is, that I very often obferved, in the courfc of 
my numerous experiments, the motions of fmall particles ot 
matter, of different kinds, in water, which Dr, Thompfon 
deferibes ; but, fo far from inferring from them the cxi Hence 
of currents in that fluid, their caufe was fo perfectly evident, 
that 1 did not even think it neceflary to make any mention of 
them. 

I cannot conclude this Paper, without requefting that the 
Royal Society would excufe the liberty 1 have taken in troubling 
• P 2 tliein 
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, them with thcfe remarks. Very defirous of avoiding every/pe- 
cies of altercation, I have hitherto cautioutly abdained from 
engaging in literary difputes; and 1 (hall mod certainly cndca' 
vour to avoid them in future. 

1 am refpondble to the public for the accuracy of the accountb 
which 1 have publidied of iny experiments; but it cannot rcu- 
fonably be expedled, that I diould anfwer all the objections tliat 
may be made to the concluiions which 1 have drawn from them. 
It will however, at all times, afford me real fatisfaclion to fee 
iny opinions examined, and my midakes corrected; for iny (ird 
and mod earned wifh is, to contribute to the advancement of 
ufeful knowledge. 
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Account of tiL'o Sketches ; viz. one for a perpetual Afotion, and 
the other of a jointed Parallel Rule, •xhich has no fide Deviation^ 
In a Letter from R. B. 

To Mr. NICHOLSON. 

SIR, 

I was much gratified feveral years ago by fome cdkys with 
which you obliged your readers upon the perpetual motion. In 
the drd volume, p. 375|0f your quarto feries, I dnd an account of 
feveral fchenies (necedarily abortive) for producing perpetual 
motions by the aCtion of gravity, and in your third volume, J 
find an account of various methods of keeping up the motion 
of a machine by means of the changes which take place in (he 
barometer and thcrrtipmcter, I have Ventured to fend }ou the 
(ketch of a projeCl for a perpetual motion of (he latter kind, 
which has'iong remained among my memorandums. You w ilt 
fee that it is not of the clafs of perpetual motions prqperlv 
fpeaking, but merely the application of fome exidiiig interniif- 
tent motions in nature to the purpofe of maintaining the rotation 
of machiriery. If you diould hedlate about inferling this, I 
think the other dcetch which accompanies it of an ufeful in> 
drumeuti cannot fail to meet your approbation. 

Fig. I, Plate XJI. A reprefents the marine barometer of 
Hailey, but varied by the addition of a vedel B at the open 
^uid, in which the. water or other (^1(4* a furfage nearly 

equal 
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• 1 
equal to that in the clofed veflfel A. Thefe two veffels are 

connedled by a long horizontal tube G. It is evident that any 
change, either in the preflure of the external air or the clafticity 
of the internal air, will caufe the fluid to run along the tube, 
and add to the weight of A or of B according to circumflances. 

The heavier veflcl will preponderate ; but it will be prevented 
from defeending too far by a flop or bearing to w'liich it will 
arrive. Any change in the inclination of G will move the at- 
tached lever C D ; by means of which, one of the two hori- 
zontal racks will be made to pufh round that ratchett wheel into 
which its teeth fail, at the fame time that the other rack will be 
drawn backwards upon its wheel. The oppofite adion will 
drive forward the other wheel; and as both thefe wheels are 
fixed on the fame axis, the fyflem will be driven the fame 
way by every change of denfity or weight in the air that takes 
place. 

The other inflrhment. Fig. 3, is a parallel rule which is Account of a 
framed without any Aiding work, and opens to a much greater 
extent than ufual, without a^ Ade deviation. 1 do not know 
the inventor; but it was communicated to me by a private 
hand. The jointed parts are reprefented in Fig. 2, and the 
dimenfions are exprefled by the fmall numerals. From the 
joint D to the joint £ upon the bar, C E, the diAance, is rr- 
] ; from the joint E to the joint A, = 2 ; from the joint A 
to the joint B, = 3 ; and from the joint B to the joint D, =:r 
4 ; which is alfo equal to the part D C of the Bar E C. Now 
it is found, and 1 muA leave the mathematical proof to your 
readers, that the point C moves by the opening from B (upon 
whicli it lies when Aiut) in a flrait lintv very nearly at right 
angles with B A. From this properly it is'baAly feen, that 
two parallel rules, having the fyftem of four bars Axed to 
*each, and connected as in the Agure, will be moveable without 
tfide deviation, and will preferve their paraNelifm in all 
fituations. 

I am Sir, 

Your obliged bumble fervant, 

R. B. 


Familiar 
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XVIL 

Familiar Account of the Method of ejiimaling the Value qf a 
Steam-Engine in Horfe~P(yicers as they are called. By a Corre- 
fpondent. 

To Mr. NICHOLSON. 

SIR, 

Introdu^lory your excellent Journal is the repofitory for ufeful informa- 

Utter, tion, whether fcientific or practical, I have thought I fhould oblige 

many manufacturers and others of your readers, by fending you a 
very e'ear report about horfe-powers, which a fiiend of mine 
has communicated to me, and was received by him from an 
eminent character in anfwer to an enquiry profelhonally made. 

It clearly appears from this paper, that the calculation by 
horfe-powersmuft be fallacious, unlcfs engineers could agree at 
to the quantity of work they would arbitrarily, in the firft 
inflancc, aferibe loonehorfe; and then the expietlion would be 
nugatory. And not only fo, butgt would not then be true that 
the value of a fleam-engine in work, however clearly exprefT- 
ed in quantity per day, would be fairly (hewn, unlefs the 
wages or food of the working being were taken into the ac- 
count. Coals may be fliled the food of a fleam-engine, and no- 
thing is more evident than that, if two engines raife equal quanti- 
ties of water per hour, but confume different quantities of coal, 
they will not be equally beneficial to the proprietors. I would 
therefore propofe, that the efliinate fliould be made by attend- 
ing to thefe two particulars only, and faying nothing about 
horfes, at lead in fpgcidc arguments intended to have legal 
effedls : And, as a fupplement to the fads and obfervations 
contained m the report, I will add, di^t one of the bed en-^ 
gines of Boulton and Watt, has been known to raife bet^;een 
28 and 30 millions of pounds of water to the height of ond 
foot with one bufhel of good coals, which appears to be an 
outfide meafure ; and that, though there are fubfequent im- 
provements' both ill the condrudion of furnaces and the work- 
ing gear, yet there are fome among late engines which fall 
ihort of 20 millions. 

I am. Sir, 

Your condant reader, 

E.T. 

; liepon 
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Report concerning the Power of a Steam-Engine ereBcd by Con- ^ 
trafl at 

IT is required to determine whether the fteam-enginc ere£lcd Steam engine at 
at * * * * by Mr. — — , be equal to the power oi’ fixteen ***** 
horfes. The fame has a cylinder of 21^ inches diameter, and 
gives 23 double ftrokes per minute, of four feet each. 

In anfwer to this qucllion it mutt be prcvioufly remarked, Rcafonwhy 

tliat fleam-engines having originally been recommended and 

» ” ® *' p “JVC been com* 

fubflituted intlead of horfes, the method of computing by the p.ircd with 
number of thofe animals intended to be fupplied by means ol hvifcs. 
this inventioni has been generally applied, though it is much 
lefs certain and accurate than other methods well known to 
mechanical men. The uncertainly of calculating by borfe- It is an uncertain 
powers arifes from various caufes ; fuch as the great dilTer- 
cnees of ability between the flrong and heavy horfes ufed in Lon- 
don, and thofe of not half (he flrength ufed in various parts of 
tlie country ; the greater or lefs degree of fpeed during work ; 
the quantity of re-a^ion againfl which they are urged to pull ; 
tlie fborter or longer time of ^ork ; their food, ilabling, &c. 

&c. And this uncertainty, as may eaflly be conceived, is fo 
great, that the words horfe-power cannot praAically be ap- 
plied, otherwife than to denote a certain quantity of mechanic 
effe^ agreed upon and underflood between engineers, and 
iniifl not be underflood to denote any elementary tneafure, 
capable of being worked out or inferred within any realonable 
or iifeful limits, from the real power of the horfe hiinfelf. 

It therefore follows of neceflity, that the engine nnift be Wmds horfe- 
examined by firft ftating its mechanic effea; that is lo 
how many pounds weight it is capable^of railing through aquantityol 
given fpace in a given lime, that is to fay, through the height 
^f one foot during one minute, :and then dividing fliis fum by 
the Ij,ke effefl producible by one horfe, according lo the flatev 
foents and pradice of engineers of the firfl reputation. I con- 
fine myfelf to Meff. Boulton and Watt, Dr. Defaguliers and 
Mr. Smeaton, 

The praflice of McfT. Boulton and Wait is, to oonfider a Quaniiticsof 
horfe as capable of railing a certain weight, which is Hated lo horf®# 

. . * , . 1 • r . I • I • Boulton and 

be of 32000 pounds avoirdupois, one foot high in one minute. W 4 U,Dctagu. 
Pefaguliers’ refults brought to the fame furnii give 27500 hw* 

pounds i 
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pounds; and Smealon^s 22916 pounds, under the fams: cir- 
( um fiances. The Joweft of ihefe performances are more than 
equal to the average power of a horfe employed in hufbandry 
for eight hours per day. 

If the diameter of the cylinder be multiplied by itfelf (211 
X 21 tbe product will give 4*46^ round inches for the whole 
furface ; and Smeaton reckons the cfFedtive or working pref- 
fure per round inch on the atmorpheric engine, at feven 
pounds avoirdupois. It is ufuai to reckon the working pref- 
fure on a clofe engine (like (hat in queftion), at 10 pounds 
the round inch ; but I ihall 6rfl take the feven pounds as 
being againfl the builder: So that, by multiplying the round 
inches 44'^ J by 7, we have S123J pounds for the weight 
raifed. But the (Irokesare 23 of four feet double per minute, 
that is to fay, 184 feel. Multiply the weight 3123|: by the 
height 184, and the product 574760 will be the mechanic 
efFed of the engine, or the number of pounds it will raife one 
foot high in one minute. Laftly, Divide this by Boulton and 
Watt's horfe-power and the quotient 174^, or 

very nearly J8, will exprefs 4he power of the engine in 
horfes. 

If we follow Defaguliersi the engine will prove equal to 21 
horfes. 

And, according to Smeaton, its power will be equal to 25 
horfes. 

If we had taken the prefTure at 10 pounds per round 
inch, the powers would have proved much greater, as 
below. 

In the above calculations the horfes are fiippofed to be 
fairly worked, and \be engine is fuppofed to be flopped as 
foon as the horfes leave off. Hut an engine can work the 
whole 24 liours ; and Smeaton, confidering that three fetts cf 
horfes mufl be kept, to work conflantly for tiie fame 4ime, 
reckoned a fleam engine to be equivalent to three times a*8 
many horfes as could equal its rate of working. The follow- 
ing table will ihew the powers of this engine, according to all 
thefe feveral methods : 
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Experiments proving the Nec^ffity of atmojpherical Oxigen in the 

Proceji of Vegetation. In a Letter from Mr. John Govch. 

To Mr. NICHOLSON. 

SIR, 

Dr. Priefiley and M. Ingenhotrfz have made many es^peri- Reflexions em 
mcnts with plants^ confined in azote; from which philofophers he”* 

have inferred, that vegetables differ from animals in not requir- kind, 
ing the prefence and fupport of atmofpherical oxigen. One 
circuroffance however occurs in all thefe experiments, if my 
memory be corre^, which renders the conclufion doubtful: 
the plants, ufed in them were in conta^ with the water that 
confined the azole in the inverted jars, through the medium of 
which they had evidently the fame indirect communication 
with the atmofphere that fi files are known to require. 

With a view to throw fome additional light upon this dif- Experimcnti a* 
putable point in the vegetable economy, I determined to fur- 
round certain fucculent plants entirely with which pof- 

fefs the lingular property of vegetating when fufpendied by the 
rqpts in dry air. My method of performing this confiff sin fix- 
ing thi fubjefi of the experiment by means of a thread, to a 
Ihiall perforated board, (landing on a pillar, which was fur- 
■ifiied with a foot of lead. The plant being thus fecured, was 
introduced through water into a glafs jar of azote; where it 
was wholly furrounded by the gas. 

Exp. 1. The firff experiment, I made in this manner, was Experitnoitwitli 
tried in June 1 800. A plant of fedum acre was furrounded by 
azote when it was ready to expand its flowers, and another 
was placed befide it, under a fimilar jar; which contained 
S common 
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common air. The latter fpecifrien flowered very welb; but 
the former died away without opening one of its bloflbms. 

Exp, 2. The event was the fame when I made ufe of a 
branch of this fedum already in flower; for the plant withered 
and did not (bed its petals; which is contrary to the ufual ha- 
bits of (his vegetable^ when it is left to the impulfes of nature 
unthwarted by art. 

Exp, 3. Several plants of fedum acre were alfo confined in 
jars filled with azote lafi fpring, beibre the flower buds were 
-formed upon them: not one of thefe attempted to vegetate; 
on the contrary they all withered in the courfe of four or five 
weeks. This was not the cafe with other fpecimens, which 
were placed befide them upon fimilar fiands, under jars con- 
taining common air and (landing in water; for they remained 
green and vigorous, after the former were dead ; they had 
moreover produced a number of purple filaments fpringing 
from the llalk; which is conflantly done by the fedum acre, 
when fufpended by the roots. It is proper to remark^ that the 
air of the latter fet was frequently changed, with a view to keep 
it near the fiandard of the atmafplmre. I'hc Jhupervivum tec^ 
torum did not ofl’er to vegetate when treated in the fame man- 
ner by being confined in azote; but it appeared to be more te- 
nacious of life under this kind of treatmenti than the fedum 
acre. 

The preceding experiments induced me to conclude, at the 
time of making them, that the welfare of fucciilent plants re- 
quires them to be expofed to the atmofpherc, and that they 
cannot grow when furrounded by azote, nor even prefei ve the 
vegetative principle in it, for an indefinite length of time. 

I have fliesK^^ in fourth volume of the Manchefler Me- 
moirs, tljat feeds and bulbs are not lefs indebted for their pro('- 
perity to the agency of oxigen, than fucculent plants appear 
to be from the prefent letter. Thus it is manifefl that |he far- 
ther we carry our refearches into the nature of organized bodie.4; 
the greater is the number of them ; which are found to be in- 
capable of performing their natural fun6lionS| when deprived 
of refpirable air; but as the truth of this maxim remains tube 
extended experimentally to vegetables of a lefs humid confti- 
tution, than the fedums, the following fa£l may be related 
with propriety. 

Exp, 4*. A diminutive plant of ceraftium vulgalum was placed 
OU the ISth of February, 180 upon a (land covered with a 

2 (lice 



ATMMFHBKICAL OXIGEN. 119 , 

flice of wet iponge; It was then pat under an inverted jar, 
containing common air, and ftanding in water. This plimt 
cncreafed confiderably in bulk in the courfe of 20 days; be- 
fid^s which it had taken root in the fponge; it was therefore 
transfi^rred into a Jar filled with azote; but this change of cir- 
cumflances put a flop to vegetation; for the herb made no fur- 
ther advances, but withered away. 

£xp. 3. In lurder to diverfify thefe experiments as much as with pbntstn 
potnble, I took a number of phials, having narrow necks, and (lepdicd 
filled them with water, which was either procured from fnow, 
or deprived of air by boiling. Proper plants being then placed 
in the bottles, they w-*re introduced quickly through water 
into jars filled with azo e; under which circumffances, all my 
fpecimens died away fooner or later without making one effort 
to vegetate. The herbs ufed on thefe occafions were the com- 
mon garden fpear-mint and the draco-cephalum Moldavlcum ; 
both of which vegetate freely in bottles of water expof^d to 
the atmofphere. 1 alfo treated in the fame manner, a brunch 
of Lyiimachia vulgaris, which was ready to flower; it de- 
clined gradually for a month, but never opened one bloflTom; 
though it is an aquatic plant and flowers very well in jars of 
water. It may here be remarked once for all, that vegetables 
die very (lowly in azote, provided they are fupplied with water 
deprived of air; but if my experiments may be relied on, all 
their natural fundlions ceafe in thefe circumflances, as foon ai 
they are removed from the atmorphere. 

£xp, 6. The lofs of energy experienced by plants confined 
- ^ I *,• *1 . 4 T i- . . • Mote for wintil 

in mephitic air, does not appear to ante from an injurious qua- proper 

lity of the gas, but from the want of the falutary film ulus of ftimolus. 
oxigen; for a flip of fpear-mint, which had rem<!ined twelve 
days in a glafs of azole, recovered upon being reflored to the 
ai^ with the lofs of its lowed leaves only ; and an oflf-fet of 
fenspervivum vegetated freely after being removed from a jar 
of the fame gas, in which I had kept it, from the 2nd of April 
to the 2nd of May, (landing in a bottle of fnow water. Thefe 
fa£is feem to argue, that vegetables, treated in the manner de- 
feribed as above, fuffer a fpecies of torpidity, from which 
they may be recalled by the pretence of atmofpherical air, pro* 
vided the re-adroiifion of this neceflary agent be not delayed 
too long; in which cafe, the plant perifhes, in confequence of 

(he 
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* tlie continued inactivity of its organs, and the fermentation ot 
its juices; which is occaHoncd by the Aifpenrion of all its 
functions. 

Saeciiicnt plants This fluid fo necetfary to the proccfs of vegetation, is cvi- 
a^rk air from jgnlly abforbed from the atmofphere by fiicculent plants, bulbs, 
lut dry ones. UDu a variety of feeds, when properly moiftened ; tor they will 
Iria water. aH vegetate freely in open fitualions; but the following ex- 
periment (eems to prove that trees, (luubs and the lefs juicy 
herbs derive air from water, as fillies do. 

Exp. 7. I introduced the lower extremities of different 
plants, or more properly of the branches of diflerent plants, 
into phials filled with water, and after luting the necks with 
wax, I funk the bottles in pots of water, fo as to leave the 
foliage of the plants expofed to the fun and furrounded by the 
atmofphere. The evaporation caufed by the aClion of the 
light drew the water out of the bottles, and the air defeending 
at the fame time through the fubflance of the plants prevented 
a vacuum being formed in thefe clofe veffels. This fact had 
nearly perfuaded me, that vegetables polTefs a faculty analogous 
to refpiration; but when I repeated the experiment with phi- 
als perforated in the bottom, they remained full of water. This 
eircumflance (hews the refpiration in queflion to be merely ac- 
cidental and to be occafioned by the necks of the bottles being 
luted; on I he other hand it is highly probable, that air enter*} 
the vefTels of vegetables in conjunction with water. Here it 
is decompound, in confequenoe of the flinuiius given to the 
vegetative principle by its prefence ; the azote is afterwards 
adimulaled into the fubflance of the pi.iiit, wiiile the oxigen is 
• rejected either wholly or in part, I'his gas, after its expuKion 
flows into tine mepThitic air, contained in the jars, the volume 
of whioli is thereby augmented, and its quality improved ; but 
I will not venture to (uy, that the tw'o gafes form a new cVic- 
mical compound on thefe occafions. ^ , 

Inception to the ^ acquainted with a (ingle exception to the ge- 

general rule that neral rule that air is requilite in the procefs of vegetation. For 
plants require plants have withered in azote they become mouldy ; that 

js, in the language of botany, they are covered with the mu- 
cormucedo. Thew^orms which inhabit the decayed livers of 
(beep, &c. furnifli us with a parallel inflance in the animal 
kingdom; and the invefiigation of thefe Angular anomalies 
forms a difficult problem in the natural hiflory of organized 
bodies. 


The 
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TheofentiiY^ents contained in this letter^ are oppofite fo the The J!'ay 
common notions relative to the nature of vegetation, and ib 
manifett a departure from eftabliftied opinions may be thought 
to require an apology. The jutlification of my conduct how* 
ever appears in the body of the etTay. The experiments are 
related with an attention to circumfiances; which will enable 
aJinoft any perfun to repeat them; and (hould fome philofo- 
pher undertake to do it, his labours will either enablifh my 
opinions, or con/irm the contrary dodtrine, by the refutation of 
them. There is one omitiion in the detail oC thefe experl-^ 
ments; 1 have negledted to remark, that the term azote tigni* 
ties nothing more than common air deprived of oxigen by the 
rulphurct of potafh or the martial pafle of fulphur, but more 
frequently by the former. The determination of the queftion 
is of ibme moment; not only to natural hiliory, but perhaps to 
agriculture alfo; and 1 could wifli it to be refumed by a philo- 
fopher, whofe advantages are fnperior to my contrafted powers 
of obfervation and irnperfedt apparatus. Should any man 'of 
fciencc undertake the talk, 1 would recommend the fedum aerf 
to his notice; bccaufc the filawents which fpring from the 
iltilk of this plant in cnnirnonait aflord a criterion whereby the 
prcigrcfs of timilar fpcciitiens conlined in azote may be oh- 
terved and alcertained. 

JOHN GOUGH- 

Middlc/liaii\ 

( h^fober 1? I , ISO V. 
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a 

Frothing •]!' Oil by EleHricity. 

Thf. anonymous author of fome elcclrical experiments coin<» 
miftiicated to Van ivlons the following fadl, from whofe Journal 
I trandate it. He was making an experiment to aicertain tha 
condudling quality of oil, for which purpofe he had filled one 
third part of the length of a lube with the oil of Colfa. Th# 
tube was three feet long and half an inch in diameter, having) 
its doled ei>d drawn oat: The open extremity was feciiredby 
a cork, through which a needle was thruft^ and over the cork 
was a.coaitipg of wax to prevent ihe.oil from tiaoluding. Thet 

tuba 
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f tube being then placed on two infulating^ fupports^ alld the 
needle turned towards the part mott remote from the machine^ 
the tube was flightly inclined, ip order that the oil might run 
down to that part of its capacity which was neareft the prime 
condudor. He then put the machine in aftion, and with great 
furprife obferved the oil gradually to enter into a ilate of ebul- 
lition ; beginning at the furface and fpeedily acquiring a date 
of effervefcence perfe6tly refembling that of fparkling Cham- 
paigne. Upon opening the tube, a gas efcaped with violence, 
which the author did not collect, but which well deferves to be 
examined. This aftive eleftrician intends to fubjedt the differ- 
ent vegetable and mineral acids to the adlion of eledlricity by 
the fame procefs. 


Native Magnejia. 

GIOBERT has found that a white earth confidered as pure 
alumine and employed at Turin in the fatrication of porcelain, 
contains 0,80 of magnefia* Van Mons. 

» 
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Wright. 


TIic Experienced MilUuoright; or a Treatife on the Conftru&ion of 
fome of the moft ufeful Machines, with the lateji hnprovementSt 
To which is prefixed a Jhorl Account of the general Principles 
of Mechanics and of the Mechanical Powersn lllufiratedwilh 
forty Engravings. By Andrew Gray, Millwright, very large 
quarto^ 73 Pages of Letter Prefs, of the fame Size as the 
Engravings. 

THE author is a pradtical mechanic, who has been up- 
w'ards of for^ yedus employed in eredling different kinds of 
machinery; and the greated part of the Deferiptions in this 
Work are of Machines which he has either planned or fupgf- 
intended their conftrudtion. Thefe Drawings being accyirately 
made to fcale, are not, as he remarks, to be confidered as me- 
chanical fpeculations, alw'ays doubtful till fubjedled to adlual 
experiment, but as cafes of pradtical knowledge, the effedls of 
which have been fully tried and long approved ; mod of them 
being dill employed for the purpofes of their original fabrication. 

Previous to his Account of the Machines, this author gives 
a popular Treatife on Mechanics, in fix different chapters, be- ^ 
ginning with General Principles and Definitions, which are fol- 
lowed 
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lowe(^by Explanations of Simple Engines, called the MecbN- 
Tiical Powers. Thefe are fucceeded by an Account of the 
Elfcdls of Friftion, and the bed Method of applying thofe 
Mechanical Powers, Pradical Diredions for deligning and 
condrii6ting the Parts of Machines are in the next place given ; 
and ladly, the author treats on the Strength of Machines, the 
relative Velocity of their Parts and the leading Doctrines which 
are nccelTary to be attended to in theerefling of Water-Mills* 

The Machines of which Meafured Plans, Elevations and 
Sedlions are given, are ; A confiderable number of Thralhing 
Machines, to be drawn either by Water or by Horfes, with 
the Elevation of a Wind-mill to turn Machinery of this De- 
feription; one Snuff Mill; two Sheeling Mills; feveralCorn, 
Barley, Malt, and Flour Mills; one Oil Mill; one Flax Mill; 
one Paper Mill; one Saw Mill; one Fulling Mill; Bleaching 
Machines, Beetling Machines, and various Pumps. 

Thefe Drawings and Deferiptions will no doubt prove of 
high value to the man of butinei’s; though it is perhaps to be 
regretted that the fame attention to junior dudenls which is 
difplayed in the inlrodudlory tseatife, is not as fully Hiewn by 
explaining the relative operations and effefls of the parts of 
thefe macliines in the deferiptions which accompany the draw- 
ings. 


PraStical Ohferrations concerning Sea Bathing; to luhich are 
addedp Remarks on the Uje of the Warm, Balfu By A. P. 

Buchan, M. D. of the Royal College of Phyficians, London^ 

Cro'^n 8z;o. 207 Pages, 

IN the early dages of human fociety,* when^the occupa- Buchan oa (n 
tions of man led him to drong exercife in the open air, it is '**^^"** 
pipbable that his health may have been chiefly impaired by the 
fortuit<;^s occurrences of his mode of life, and the dire6f wear 
of Ins organs engaged in the grofs and active labours of his life. 

It is probable that he may have felt little of thofe difeafes 
which the claldhcatlon and habits of a refined and luxurious 
fociety have introduced. Neither mental fatigue, .nor the 
anxious and inceffant labour of crowded cities could have 
Ipperated upon his powers, nor was he fubjedled to the miferies 
of indolence, repletion, and the lidlefs want of motive which 
benumb the faculties of the rich. Thefe are the prices which 

by 
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fea bjrottr'ntnseroaa miftakes we are compelled td paj for 4lie fu^- 
|»erior enjojrmenta which an enlighlened flate of fodety can 
afford to thofe only who poffefs the virtue, the condu6t, and 
the good fortune to know and to acquire them. Among the 
wofi oppreffive of thefe confequences, no doubt, is the lofs of 
fieahh; and while we make facn&es to what we imagine to 
be our welfore, it becomes us occafionally to interrupt oar 
ttfoal train of habits, to unbend the mind, give repofe to the 
fyftem, and recover, by an oecafional change of our occnpa- ^ 
ttons, that vigour which famenefs of purfuils and confinement 
feldom fail to impair. 

One of the means at prefen t much reforted to is, to repair 
to the fea-coaft ; partly with a view to enjoy a fcene which, 
by its imprefTive magnitude and the numerous changes it un- 
dergoes, esmnot but be highly interefting; but principally with 
the intention of bathing in the Tea. Bathing is Certainly of the 
greateff benefit in many cafes, and, like every other practice 
capable of (irongly af¥e£ling the human frame, it muff alfo, id 
other cafes be capable of operating to the injury of the healths 
We have no direA general treaife on this fiibjeft; and to give 
the requifite information to individuals by which they may fafely 
and judioioudy regulate themfelves requires fomewbat more 
than mere medical (kill. The prefent w'ork abounds with in- 
tereffing fa6ls and clear deductions, and' is written with that 
candid fpirit of philofophical remark which (hews an intimate 
acquamtance with the moral as vreli as the phyfical conriitions 
of our exiffence, and the accidents to which we are expofed. 

I am much miffaken if any one who begins to read this work 
will be difpofed to quit it without periifing the whole; and 
there are few- who can have fo extenfively coniidered the fub* 
je^ or who are fo little concerned in its difeuffion as not to 
derive advantage from the many points of information It 
tains. « 
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the fubjeA is (till agreeable to me, being yet unincunibered 
with patentSf the reafon of which no doubt is, that the few 
wanted holds out no profped of gain. 

Tubular pcndu- Under thefc circumftances, I offer you the following de- 
fcription of my tubular pendulum, which I conlri\^ed about the’ 
middle of laft July, and which I have juft brought into aftion^ 
The honourable mention which you made of my mercurial pen- 
dulum (Phil. Journal for May 1797) the excellent papers which 
you have at different times given to the public on this 
and its importance to praftical fcience, efpecially aftronomy, 
leave me no room to doubt but this communication will be 
agreeable to you. 

Xtafts oa the It may here be proper to remark that the nature of this pen- 
gi^htfn! dulum is by no means neiv ; it is of the gridiron kind, and al- 
though extremely unlike it in outward appearance, is only a 
new rpecies of that genus. Without further introdu6lion, I 
will now proceed to give a brief defcription, with reference 
to the accompanying (ketches, and then conclude with a few 
general remarks. 

Defcription of I • s^ud 2, Plate XIII. dtaw n to a fcale of one eighth of 

the tubular the real dimenfions, exhibit the fliape of the whole inftrument, 
the drawing.^ in which the parts of adion being completely concealed from 
view, it appears, excepting the ufual rufpenfion fpring, to be 
made of folid brafs. The firft of thefe figures gives a from 
view, the latter fhew^ it as feen edgewife. This figure of the 
bob is ufed more on account of its being eafy to make, an^. 
fightly, than from any other confiderations; it is made of one 
piece of brafs, about 7 inches diameter, 2,5 thick at the centre, 
and weighs about 15 pounds avoirdupoife: the front and back 
furfaces are fpherica!, with a thick edge orcylindiical part be- 
tween them. The apparent rod is a tube of brafs, ftiewn in 
both figures to reach from the bob neai ly to the top ; this conJ^ 
tains another tube and five wires in its belly, fo dirpofet:! as,(o 
produce altogether (like the nine-bar gridiron of Harrifon) 
three expanfions of fteel downwards, and two of brafs up- 
wards; whofe lengths being inverfely proportioned to their 
dilatation, when properly combined, deftroy the whole ef- 
fect that either metal would have fmgly. The fmall vifible 
pari of the rod near the top, is a brafs tube, whofe ufe is to 
cover the upper end of the middle wire, which is here fingle^ 
and otherwife onfopported. 
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Keckoning from the the firftadlon is downwards, ^**^SietiibStt ^ 
confifts of the fpring, a Qiort wire 0,2 diameter, and a longp^ylum^^ 
wire 0,1 diameter; ihefe all of iieel firmly conneded, reach the drswing^ 
down within an inch of the centre of the bob, and occupy the 
middle line of the whole apparatus. To the lower end of the 
middle branch, is faflened the lower end of the interior brafs 
tube, 0,6' in diameter, w hich terminates a little (hortof the top 
of (he exterior tube, and produces the firfl dilatation upwards. 

^>um the top of the interior lube depend two w'tres 0, 1 dia* 
meter, whofe (ituation is in a line at right-angles to the fwing 
of the pendulum, and reach fomewhat lower than the attached 
tube itfelf, which they pafs through without touching, and ef- 
fe€t the fecond expanfion downwards. The fecond adion up- 
wards is gained by the exterior tube, whofe internal diameter 
jud allows the interior tube to pafs freely through it: its bot- 
tom is conne^ed wilii the lower ends of the laddeicribed wires. 

To complete the corrc6lion, a fecond pair of wires of the fame 
diameter as the former, and occupying a pofition at right angles 
to (hem, adl downwards, reaching a little below the exterior 
lube, having alfo paifed i!hroug(i the interior one without 
touching either. The lower ends of thefe wires are fadened 
to a diort cylindrical piece of brafs, of the fame diameter as the 
exterior lube, to which the bob is fufpended by iu centre. 

Fig, 3. is a full fize fe^ion of the rod, in which the three 
concentric circles are deligned to repreient (he two lubes, and 
the redlaiigular pofilion of the tw^o pair of wires round the mid- 
dle one, are fliewn by the five fniali circles. By copying this 
arrangement, from tlie elegant condrudlion of your own half 
feconds pendulum (Pliilf. Journal for Augud, 1799) I avoided 
much trouble, which mud have occuri\?d to nve, unlefs indeed, 

1 had been impelled on the fame idea, by the ditfi^ulty of con- 
triving the five wires to a6l alj in a row, with fufficieiU free- 
dSm and in fo fmall a fpace. Fig, 4. explains the part which 
clofes the upper end of the interior tube: the two (mall cir- 
cles are tlie two wires which depend from it, and the three 
large circles (hew the holes in it, through which the middle 
and other pair of wires pafs. 

Fig, 3. is defigned to explain the part which (lops up the 
bottom of the interior lube, the fmall circle in the centre is 
where the middle wire is (adened to it, the others the holes for 
tiie other four wires to paA through* Fig. 6. is the part which 
• Q 2 clofes 



m 

Muiption d 
the tabular 
pendulum by 
the drawing. 


Piificulty of 
preventing Aex< 
ure and Parting 
motion in the 
gridiron^ 


VtVf fivdolvm. 

clofet the apper end of the external tube, the large circ6 in 
the centre is the place where the brafs corering for the uppeft 
part oF the middle wire is inferted^ and the two fmall circles 
denote the faftening for the wires of the lafl: expanfion. Fig. 7 
reprefents the bottom of the exterior tube, in which the fmali 
circles (hew the ra(fening places for the wires of the feconrl 
expanfion, and the larger ones the holes for the other pair of 
wires to pafs through. Fig. 8. is a cylindrical piece of brafs, 
which fliews how the lower ends of the wires of the laft^ev:^ 
panlion are fadened to it, and the hole in the middle is that 
whereby it is pinned to the centre of the bob. The faflening 
of the upper ends of the two pair of wires is done by ferew- 
ing them into the pieces which Hop up the ends of the tubes, 
but at the low'er ends, they are all fixed as reprefenled in Fig. 8. 

1 have only to add to this defeription, that the pieces repre- 
fented by Fig. 7 and 8, have each a jointed motion, by means 
of which the fellow wires of each pair Mvould be equally 
ilretched, although they were not exactly of the fame length. 

In the apparatus thus connected, the middle wire will be 
dretched by the weight of the whole; the interior tube will 
fupport at its top the whole except the middle wire: the 
fecond pair of wires will be dretched by all except the mid- 
dle wire and interior tube; the exterior tube fupports at its top 
the weight of the fecond pair of wires and the bob, and the 
fecond pair of wires arc dretched by the w'eighl of the bob 
only. 

The fird pendulum which I made of the tubular kind, had 
only three deel wires, and one lube above the bob; that is tw^o 
expaniions down and one up; and the quantity which ono 
of brafs falls fho^t to corre6t two of deal, was compenfated for, 
by extending ihofe branches of the rod below the bob, and bring- 
ing up an external tube to which the bob was adixed. There ^ 
is an aukwardnefs in this condruclion, owing to the rod rearh- » 
ing about ] 3 inches below the lower edge of the bob, others 
wife, it is not inferior to the one fird dtferibed. 

The principles of the gridiron pendulum, 1 believe, have 
’never been quedioned, indeed they cannot be ; the difficulty 
of coiidru£ling it drong enough to prevent lateral flexure 
in the lifting bars, and confequent friflion in the holes of the 
different eroding pieces necedary to bind it together, which 
occadon it to adl by darts, has been the only obdacle to pre- 
vent its general application to the bed clocks. 


To 
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Ttf remedy this evil I contrived the one here treated of, and 
in my own judgment, have fucceeded as near perfedtion 
. any eflTort of mine ever did. The tubes are drawn ftraight 
and regular in an engine, in the manner that wire is done : 

•and their ftrength affure fuccefs, preventing the poflSbility of 
any fenfible bending, while the freedom of aflion prevents any 
irregular motion whatever. 

I have no farther quarreled with my own conltrudlion of the Troughton*s 
mercurial pendulum, the principles of which are faultlefs, and 
form elegant; than that it is quite unfit for carriage, and an but not portable, 
article too hazardous for me to deal in ; but after all, candour 
obliges me to give the preference to the original one of Gra* 
ham, which on account of fome fenfelefs criticifms about one 
part taking heat fooner than another, evaporation of the mer- 
cury, &:c. was too haftily laid afide. Graham undoubtedly Giaham** pen- 
made his pendulum before the expanfions of either brafs or W*^®^®*** 
mercury were accurately known; but an ingenious friend of 
mine, has from the bed experiments, computed the different 
parts to mathematical precifion, and introduced it a fecond 
time to the world ; and already, there are not wanting proofs 
of its practical excellence. 

Smeaton's pendulum with tubular bob is a good one, but Smeaton't 
on account of the glafs rod, like my mercurial one, is totally 
unhl for traiifportation, and like Graham^s, is uniightly; while ^ 
all three labour under the unavoidable difadvantuge of not 
being applicable to the pyrometer in their compound and pen- 
dant date. 

I am about to condrud a pyrometer dt to try the tubular 
pendulum in its dniflicd date ; a pin fixed in the centre of of- 
cillation, fhall be contrived to on a nice fpi/it level, and 
drew the expanfion, if any, in angular meafure: by which I 
,fliall be enabled to adjudit; for 1 have no idea of adjuding 
one hy the going of a clock, that complicated apparatus will 
always, 1 fear, have too many errors of its own, to be ufed as 
a criterion of the merits of this more perfect indruroenl. 

1 will here fubjoin the lengths of the different parts of lu-DunefirKMii ini 
bular pendulums in inches; alfo, the expanfions of brafs ^nd 
deelfrom which 1 computed them. The length of the inte- tubular ^ndu- 
rior tube is 31,9, and that of the exterior one 32,8, to which 
mud be added 0,4 the quantity which in this pendulum, (he 
centre of ofeiHation is higher than the centre of the bob; (bofe 

ell 
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• all 0^ brafs. The parts which are of fieel are the middle #lre« 
including 0,& the length of the fufpenhon fpring, is 39,3, firft 
Ixpanfionsof pa»r of wires 32,5, and the fecond pair 33,2. From experi^ 
bnffi and ftccl, ments which I tried in the year 179 1-, I found my brafs to ex- 
pand with 60® of heat, 0,000640 on an inch, and my Heel 
0,0003966. Smealon obtained under tire fame circumflances 
0,00064-44 for brafs, and 0,0003833 for fteeJ. Roy found 
brafs to expand 0,0006316 and fteel 0,0003816. 

The above lengths computed from my expanfions will I think 
be found very corredl; if they are tried by Smeaton's, the pen- 
dulum will feem to err in cxcefs, or gain with beat, about 0'',9 
a day with 60® of Fahrenheit; if Roy^s be ufed, it will err 
alfo in excefs, under the fame circumflances fomething more 
than one fecond. The above Rateinent thews with what care 
experiments of this kind ought to be condudk'd. All the di- 
menfions are given in inches and decimals. 

If my pyrometrical experiments turn ©ut fnccefsful, they 
may likely be the fubje6t of another communication; and I 
will referve till then my reafons for giving the pretercncc to 
my own expantions in the contifi^udfion of (he intlrument here 
* deferibed; for this letter, being twice as long as 1 firtl intended^ 
fliall now be concluded by. 

Dear Sik, 

Your obliged and obedient Servant, 
KDWARD TROUGHTON, 

November 180t. 


II. 


fjetterfiomW, Jess op, //?/. on an Improvement in the Pvneefi 
® (j/' hlufiing Rocks ivitk Gun-powder, 


To Mr. NICHOLSON. 


SIR, 


If I am communicating to you what you already know, you 
will accept as an apology for it that it is not generally known, 
and ^ill be interefling to all who are concerned in raining or 
blading rocks with gunpowder. 

Vfual procefs of The ufual procefs, after drilling a hole and charging it with 
powder^ is to introduce a wire or fraall iron rod, to preferve % 
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eomi^uuication with the fuze, and then to ram up the re- ^ 

tiiainder of the hole with (lone pulverized by the operation oT 
ramming it; after which tlie wire is withdrawn and the prim* 
ing introduced. 

, This is a tedious operation, often attended with danger, and 1* tedious, din- 
frequenlly the labour and powder is loft by the priming hole 
being obftruded in ftriking out the wire with a hammer. 

1 had been informed that inftead of this tedious operation, Loofe fand pro- 
the blafting had been eftefled by introducing a ftraw filled with P'**^’* mfteadof 
fii.'^ powder, and then filling the hole with loofe fand. 

I hardly could believe this, conceiving that the part where 
there would be the lead refiftence would firft yield to the ex- 
ploiion, and therefore Uiat the loofe fand muft of courfe be 
blown out. 

But in the month of Auguft laft I tried the experiment in Succefs of the 
fome very hard rock at Fortwilliam and it completely fiie. «*pcriment* 
ccecled: 1 fince then have tried it on the lime rocks at Briftol 
with the fame effect. 

A few days fince, wifhing to know how fmall a quantity of Oak ao inchea 
fand would produce the effeA^ I caufed a hole of l| inch in u^er* 

diameter and 12 inches deep, to be bored in a knotty piece of charge of $ 
oak of about 'JO inches in diameter and charged it with three •**®1'®* 
inches of powder, and upon that four inches of fand, intend- 
ing (as 1 fuppofed that muft be blown out) to repeal the quan- 
tity of fand inch by inch to the quantity that would be fuflfi- 
cient, but to my great furprize, it fplit the piece with great 
violence into fix pieces. 

1 then repeated it on a fimilar log of oak, with a charge of The fame 
two inches of powder, and thr^e inches of fand; it fplit the J^^^^'^**** 
piece in two, and fenthalf of it into ihe^air to the diftance of^ 
forty yards. * 

^ I think it may puzzle a philofopher to account for this: 1 ** 

have fuppofed that the fand in eontaft with the powder, firft 
moving, the particles wedge each other faft before the motion 
has time to be communicated to the whole. 

I have reafon for thinking that a much lefler quantity of Lefspowakg 
powder will produce the effeft in this way than by the common 
method; for as it lies loofe in its chamber and makes itfelf this vny. 
more room by a little yielding of the fand, the whole will take 
fire, and efpecially if when half the charge is put in, the ftraw 
be introduced and then the other half charge, fo that it may 
take fire in the middle of the charge. ^ , 

* rni .. 
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TiKf fand ap- 
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A charge of 
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That the fand v^ill yield a little, I think I may infer from 
having charged a tube of tin 1 4 inches in length and 1 J diam- 
eter, with three inches of powder; on exploding it immerfed 
in water,, I found jive inches of the tube abruptly cut off, while 
the remainder was uninjured, but I do not confider this in- 
ference as dcciiive. 

For want of time I was prevented from trying how much lefs 
than three inches of fand would have been fufHcient. 

I am. Sir, 

Your moft obedient,* 

W. JESSOP, 

London Coffee Hoitje, 

Nov. 8, 1 804. 

P. S» Might not this be ufeful on the evarualion of a fort, 
in deftroying cannon, inftead of the incffedtual mode by fpik- 
ing? 


III. 

*■ 

On the Mucilaginous Matter of certain J egetables, and their Ufe 
as a Subfiitutefor Gum Arabic: by Mr. Thomas Willis; 
being a Continuation of Experiments made upon the Subje6l by 
him, in Addition to thofejormerly pubhjhed in the Tranfafiions 
of the Society of Arts.* 

Letter io CHARLES TAYLOR, /fj. 

SIR, 

I HAVE taken tjie liberty of prefenting to the Society for 
the Encouragr^ment of Arts, &c, fpecimens of the powder of 
vernal fquills, of while lily-roots, and of falop, for iheir con- 
fideration and trial. I believe the bulbs of the vernal fquill® 
will be found to be equally ufeful as thofe of the hyaefnthrs 
non-feriptus; and the ftrmig mucilage from the white lily-root 
and the falop much more fo. 

As gum-arabic has been at lirnesi during the laA war, above 
30/. per cwt, the multiplication of different fubflances that will 
anfwerthe fame purpofe, will affuredly be an objedt of a very 
interefting nature to manufadlurers in lime of war. 

* Extraa<d from their Tranfaaions, Vol. XXI, The former 
experiments are in our Joumal| VII, 3p, 
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I hive fent all the powto of while lily-root I had left; but » 
am at the prefent ti^pe drying fome taken from the garden two 
or three days ago. As foon as it is powdered, 1 will fend you 
a large quantity of it. 

* 1 am. Sir, 

Your moft obedient Servant, 
THOMAS WILLIS. 

March 21; 1803. 



FROM the candour and approbation my paper on the ufe 
of the hyariuthus noii-fcriptus, as a fubHilute for gum-arabic, 
in fomc! trials in calico-printing, met with from the Society for 
the Kneouragemeni of Arts, &c. I refolved to purfue the fub- 
jedl further; and now offer the following obfervations for your 
confideration, in liof)e that trials may be made, that will be 
found to be of general benefit. 

Having frequently obferved,‘*in old gardensi that the vernal Root of the 

fquill grew very prolific, I conceived the root of them might vcrml ^uillvery 
' ” ® muciltginuuii, 

be equally as mucilaginous as tfic roots of the blue bells. I pro- 
cured three pounds fix ounces of them on the 8lh of July, 

I H02, and 11 iced and dried them. They produced one pound 
one ounce of powder, one drachm of which was dilfolved in 
four ounces of water, by letting the mixture boil a minute or 
two. When the liquor was cold* there was a mucilage full-as 
llrong as one made with a drachm of the powder of blue bells, 
in the fame proportion of water; from which circumftance, I 
fliould think the vernal fquill will anfwer fhefam^ purpofes as 
the hyacinthus non-feriptus. If it (hould, it is a root^that may 


he very eafily and plentifully propagated, and whenever gum- 
arabic* is dear, may be found ufeful. It is to be remarked, 
that I found no pungency in the powder of the vernal fquill. 
I have frequently eaten of it, and the tafie is rather agreeable. 


On the 18th of Augull, 1802, I coIle6led four pounds of White lily root 
the white lily root, which yielded, w'hen dried, rather more fag^^ouV. 
than one pound of powder. A drachm of it was diflblved in 


four ounces of water, by gently boiling it a minute or two: 


the mucilage was much Wronger than that made with the ver« 
nal fquill, but fomewhat darker coloured. This root may 
, polfibly 
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( poflibly anfwer the fame purpofes better than tliofe above men- 
tioned. The powder of the lily-root leav% a bitternefs on the 
tonf^ue. 

Cum obtained Twelve ounces of the frelh roots of the white lily beinj^ 
evaporatun.*" bruifed and preflfed^ yielded by evaporation one ounce and one 
quarter of brown gum. 

There being a fmall quantity of it, 1 made no trial with it; 
but very probably the exprelTed juice might be ufed by the 
calico-printers with advantage. Thefe roots can be procured 
at all times, and propagated to any extent ; but itmufl be ob- 
ferved, that thefe bulbous roots are ilronger when they are 
without Aems, or only beginning to Hioot out leaves; and the 
prefent time is as proper a^ any that can be for procuring them. 
Comfreyroou 1 tried comfrey-root; but the dark colour of the cuticle of 
tile root affected the folution,^ by making it of a dark dirty 
brown. 

1 do not pretend to claim any raeiit in making the above 
experiments. Every one who is acquainted with thefe roots* 
well knows that they are all mucilaginous. My dehgn is only 
your patronage, to render theai ufeful in the arts, that their 
virtues and ede^s might not lay dormant, but be rendered 
ferviceable to trade. 

Powder of After making the above trials, the powder of falop-root 

filop riot atfbids ufed, by ditlblving one drachm of it in four ounces of 
mucilag?; pro- water, in the manner above mentioned. It produced a very 
^bly cheaper^ ^ (irong mucilage^ and, when cold, was a perfect jelly, and 
^ * much clearer than either of the other folutions. I am greatly 

of opinion, that the powder of this root will not only anfwer 
all the purpofes of gum-arabic, but will be found full as cheap,, 
if no! chcapp, in proportion to its firengtb, than gum-arabic; 
but this is fubmitted to your confideration and trial. 

1 have fent (bme fpecimens of the Powder of the Vernal 
Squill, of White Lily Root, and a'lfo of the Salop Pqwder, 
in order that they may be tried by your direflion; and if they 
fliould be found of benefit to commerce, nothing would give 
me greater pleafure, than to find my flender abilities have 
been, of utility to my country, and honoured with the appro- 
bation of the Society. 

I am. Sir, 

Your obedient (ervant, 

^ THOMAS WILLIS, 

Af«r<A22, 180S, 
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IV. 

Examinatim of Mr. Ezekiel JValker*s ExperitmnUt and Theori/ of 
4he Enlargement of the Horizontal Moon, In a Letter from 

C. L. 

To Mr. NICHOLSON. 

SIR, 

Y OUR correfpondent Mr. Ezekiel Walker, has favoured the AfTerrion of 
world wilh a new attempt to account for the apparent enlarge- 
ment of the horizontal moon in which, after indulging his images vary 
wit, and expreffing his ationillimenrat the expence ol thofe wH* 

who have laboured on the fame fubjcdl, he proceeds to affure 
us that the piUures on the retina are not permanent but vary as the 
dimenfions of the pupil vary. 

That you, Mr. Nicholfon, who are in fome refpedt account- 
able to the world for what you admit into your Journal, and 
w'ho potTefs a juft celebrity for the manner in which you have 
executed the talk, — that you (hoild have omitted to favour the 
writer and )our readers fo far as to reje6l his paper, is to me 
no otherwife to be explained than by referring it to your im- 
partiality; w'hich may have induced you to leave the refutation 
of alledged fads to your correfpondents rather than enter into 
a difeuflion refpeding them yourfelf. 

I cannot for a moment fuppofe you to have had a doubt con- Confequences 
cerning this imaginary novelty in optics. If Mr. Walker \s 
pofition were true, the magnifying powers of the fame tele- founded. 

Icope would vary with its aperture; a well illuminated theatre 
or room would become contradeH in its app*arenl dimenfions ; 
tlie paper at which I now look would fuddenly become larger 
*jirhen I cover the candle with hand; and in a word we 
fliouldjiave no certainty if the magnitudes of things were to 
appear different with every change of the pupil. 

None of thefe things do in fad happen, and it feems almoft ^ 

trifling to inflft upon them. Still lefs is it neceflary to have reputed, 
recourfe to lines and figures: hut for the fake of your lefs 
inftruded readers I w'dl meet Mr. Walker by corred experi- 
ipents of the fame ^e fen pt ion as his own. 


* Pbilof. Journal^ IX. 164, 
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Tbeimaice Erp, 1. I toak a clear double convex lens fuppordfd on a 

Sth*a and placed the fame oppoiile an Argand's lamp; fo 

aperture ii the that a good image of the flame was formed upon a paper fixed 
lame as again/l the wall of the room. From (he flame to the lens the 

diflance was 49^ inches and from the lens to the image it was 
88 inches. The horizontal breadth of (he image was repeat- 
edly meafured = 1.58 inches and to a greater degree of pre- 
ciflon than one hundredth of an inch. 

with a con- 2. The lamp and lens were fuffered to remain unaltered 

trailed aperture. in the fituations they poflefled in the former experiment; but 
a fereen was placed clofe to the Icns^ having a circular hole 
of one inch diameter concentric with the lens itfelf. The 
image was then fainter but very diflincti and meafured exadlly 
tlie fame as before. 

In both thefe experimenfs the papers on the w'all vi'ere fe- 
veral times changed to prevent any deception from the appear- 
ance of former meafures; and (he mea Tyres were taken along 
the fame horizontal line by the help of a line on the wall. 

Hence it was feen that a diminution of the pupil or aperture, 
to admit lefs than one thirty-c^hth part of the light, made no 
difference in the image. 

The experimrnts Exp, 3. I took a good achromatic objedl glafs of Dollond, 

repeat d with leaving an aperture of 1.9 inch and placed it at the diftance of 
achromauc Jens. ..5, ,, 

52|- tnclies from the lamp; whenit gave a good image on the 

wall at the di (lance of 70^ inches from the lens, 'Fhe hori- 
zontal breadth of the image was 1.2 inches. 

Exp^ 4. When the experiment was repeated wdth no other 
change than that a fereen with a central hole of 0.3 inches 
was placed before the lens, the image proved 1 .2 inches as be- 
fore. , • 

The ^two lafl experiments were made with the fame care 
and precautions as the former. They (hew that no diminutiur 
of the image takes place when the pupil isdirniniflied (i> admit 
lefs than one fortieth part of the liglit. 

Probability that I may not conclude. Sir, without making fome obfervations 
on the diredl contradidiion of my experimental refults to thole 
of Mr. Walker's. May I aferibe to him any thing nv)re than 
inaccuracy? AflTuredly I do not. Ncvcrthelefs, if he mea- 
fured fo uncertain a thing as the length of the flame of a candle 
without being aflfared by repeated experiments that its perma- 
nency was entitled to fome confidence ; if he held his fereen 

. nearer 
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Dearer to his lens when ihe light was rendered fainter by his 
card; if he miftook ihe greater vifibility of the (mailer image 
tor a proof that it was in (he focus of the lens; in a word, if 
he did n<»t paufe and examine foiraer fafts before lie adopted a 
conclulion fo repugnant to many of them, I would lubmit to 
yourfelf and reiders whelher he has a6ted confidently with the 
rules of pliilorophical mveftigation, or has any realon to pri^e 
his own iolution beyond that which is founded on the rules of 
linear pejfp. c^ive*. 

I am. Sir, 

Your humble fervanl, 

, C. L. 



" The Method of prcparUi^ Chinefe Soy. By Michael de 

(iRUBBENS.f 

In the afls of the Swediflj Academy, for 1764', page 38 , . 

we find a clefcription of the prepaiation of Chinefe Soy, b) ** 

the late Captain Ekeberg; but as this deferipfion is not only 
incomplete but even deficMcnt in accuracy, fo as not to produce 
the true Chinefe compound, 1 am well convinced that Mr. 

Ekeberg mud have been unacquainted with the a(Slual procefs. 

It is mod likely that he depended upon information given him 
by the Chinefe who are not always to be truded; a fa 61 of 
which 1 have had fudicicnt rcafoiis to be convinced, during 


* Mr. W. having fuppodd thnt the want of J3nd objtfis miift 
take away the notion of didnnre at fea, reminds me of an incident 
concerning the Pan.irnnn of Black-Fiiai's Bridge. Thi3[fi6lurc 
wa;f exhibited with indications of a coiifidcrable wind with waves 
on the^rivJ^, at the fame time that the buildings on the London fide 
were feen redeffed in the wat'T, 1 took notice of this inconfidency, 
and the ingenious author replied that the w'ater had been atfiift 
painted as if finooth ; but it was found necefTary to put in the waves 
in order to give diftance by their regular diminution in perrpe6live, 
and that the refle6Iions weie kept in from a notion that they would 
rather add to the effeft than offend by their want of perfeft truth. 

f Extrafled from the Memoirs of the Academy of Sciences of 
Stockholm for 1803, by M. Linborn, and inferted in the Annales 
de Chimie, Vul. L. from which the prefent tranflation is made. 

* jny 
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Ingredients of 
fo>. 


Procefs. 
Hcricots are 
boiled in water^i 


•—then mixed 
With wheat 
flour* 


••-and thinly 
fpread out in a 
sreflel covered 
up. 


A peculiar 
moutdinefs Is 
I'ufFeced to come 
on by admitting 
the air ; 


SdVa 

my fivt years refidence in their country, in my atlem'|>ts to af- 
dertain correctly the manner of treating a fpecies of filk-worm 
which affords its thread five or fix times in the year, as well as 
their methods of dyingcotlon and filk and feveral other branches 
of domefiic ceconomy. 

Having fince received for a confiderable remuneration true 
notions concerning thefe objedts, I faw how far the former re- 
citals had differed from the truth. The fame thing happened 
in my attempts to difeover the preparation of foy; bi^it as 1 at 
laft became perfedlly acquainted with it, I think it proper to 
communicate the fame to the academy. 

Soy is prepared with a fpecics of haricots (which are white 
and fmaller than thofe of Turkey) wheat flour, common fait, 
and water. The following are the proportions; 50 pounds of 
haricots, 50 pounds of fait, 60 pounds of wheat flour, and 
250 pounds of water. • 

After having well wafhed the haricots, they are boiled in 
well-water in an open veflTel for fomc hours, or until they have 
become fo foft as to be worked between the Angers. During 
the boiling they muft be kept covered with water to prevent 
tlieir burning, and care mud be taken not to boil them too 
much, becaufe in that cafe too much of their fubflance would 
remain in the water of dcco6lion. The haricots being thus 
boiled, are taken out, and put into large fhallow wooden vef- 
fels, which in China are made of thin daves of bamboo, two 
inches and a half in depth, and Ave feet in diameter. In (hele 
they are fpread out to the depth of two inches, and when they 
are cold enough to be worked with the hand, the wheat Aoui 
is gradually thrown in and well mixed with the haricots, until 
the wholb of the before- mentioned quantity has been ufed. 
Wii^n the mafs becomes too dry, fo that the flour does not 
mix well with the haricots, a little of the hot water of deco£iion 
is added. ^ • 

The whole being well mixed, the mafs is then fpread abroad 
in the veflels before-mentioned, taking care that its depth fliall 
not be more than an inch or an inch and a half; and the mafs 
is then covered by a lid which Ats exadlly. When the maft 
begins to become mouldy and heat is difengaged, which hap- 
pens after twq or three days, the cover is then raifed by put- 
ting two flicks beneath it,, in order that the air may have free 
ccefs. During this lime a rancid odour exhales, and if the 
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mars becomes grcrn, it is a (ign tHat the whole goes oil pro- 
perly ; but if it begins to be black, which mull be caierully 
noticed, the lid nuiQ he elevated (lill more, in order tliat the 
tfnafs may have moie air. If it once becomes black, the whole 
is rpoiled. 

As foon as all the furface is covered with green mouldinefs, 
which ufualiy happens in eight or ten days, the cover is taken * 

o(f, and the compound is expofed to the fun, and the air for 
feveral days. When it has become as hard as a flone, it is cut 
into finall fragments, which are thrown into an earthen velTel, 
upon which the 2.iOlbs. of water, having tiie 50lbs. of fait fait waiei ; 
tirft dilTfilved in it are poured. The; whole is then well ftirred 
together, and notice is taken of the height at which the water 
ilands. If it be not convenient to put all the mixture into one 
veird, a number inny be ufed, taking care that the materials 
be proportionally diftrihntcd in each. The velTel thus filled is » vrfTd 
placed in the Inn, and its contents fiirred up regularly every 
morning and evening, and a cover is put on at night to defend agitated 
it from the cold, as well as lo prevent any rain from ftnding 
entrance either by day or night. The hotter the fun the fooner 
will the foy becompleled. Tlie procefs is fddom undertaken for two or thwc 
but in the fummer, notwithfianding which illaibtwu or three 
months. 

As the mafs diminiihos by evaporation, well-water is added ; Whm ihc Ayil 
and this digeliion is continued till the fait water has entirely and^ 

dillolved the flour and the haricots. The veffel is ftill left fir homogeneous 
Tome da} s in the fun, in order to rompleat the folution filll more 
ene6lually, as the good fjuallfy of the foy depends upon this 
circum fiance; and the daily (lirring oragitahon [a continued to 
iheveiy laft. 

When at length the mafs has become very fuccufeiit and it is ftrained by 
fcily, the whole, as wed I the thick ’as the more fluid portions, ^ 

is policed into bags, through which the foy is prefTod, and is 
then clear and ready for ufe. It is not afterwards boiled, as 
Mr.^Ekeberg pretends. It is to be kept in bottles well corke«l. 

The Chinefe who deal in this article keep it in large pilchers 
well clofed. Before it is Araincd in the prefs the foy is of a 
deep brown colour, but it afterwards becomes black. 

The Chinefe alfo prepare two kinds of foy from the drei^s Inferiar foy frost 
which reraaio. The firft time they add IJiOlbs. of water and 

50lb9. 



CHINESE SOY. 


^ 4 ^ 


This procefi has 
been often 
verified^ 


by the writer 
himlelf. 


Soy contains no 
fpice or fugar, 
and is fald in 
China for three 
half pence a 
pound. 


30!bs. of falti and after having prdfed the mafs^ they agUn add 
lOOlbs, of water and 20lbs. of falli always proceeding as be-* 
fore deferibed. 

The two latt kinds of foy are not ftrong, but very fait, more 
efpecially the latter, which is alfo lighter coloured. Thefe twO 
kmds are the mo ft common in China, and are ufed both by 
natives and Europeans. The differences of price areas 8.4.1# 

In this manner I prepared in 1759, at tny refidence in Can- 
ton, the whole of the foy I made ufe of, and I alfo brought 
feveral bottles with me to Sweden. It was fucculenl, oily, 
moderately fait, and very different from wimt is commonly fold 
in Europe. With regard, to its tafle, it might be put in com- 
petition with that of Japan, which is generally coiifldcred as 
the bed. 

This defcription is more particularly to be depended upon, 
as I always made the preparation myfelf; and 1 can venture to 
anertthat this procefs is the only one fo^ obtaining Toy of the 
bed quality. 

Mr. Ekeberg affirms that the foy is boiled with the addition 
of fugar, ginger and other fpices; but this is without founda- 
tion, and cannot be true, for a lb. Chinefe of foy cods no more 
than two candareens of Chinefe money *. This was the com- 
mon price during my whole refidence at China, and is too low 
to admit of thefe ingredients in the preparation. It isalfothp 
fad (hat foy has no indication either of fugar or fpice in its 
lade ; its principal charadter is faline. 


VI. 


On the Laws of Gahanif/n, In iMtrs from C. Wilkinson 
and Thomas Harrison, Ejijrs, t 

t 

Windei'fnere Lak^, WcfiinorcUind, Nov\ 8. 

Dkar SiR, 

Some account I TAKE the opportunity of a few days relaxation in this ro- 
of Mr. Gough. pidurefque fituation, to trouble you with forae 


* The Chinefe pound or tael is, I think, about 20 ounces, and 
the candareen is a little more than three farthings, that is to fay, it 
is one tenth part of the mace which is valued at eight- pence. N. 

« galvanic 
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galvanic obft'rvations, w^hich principally originate from a I’Crj 
pleafurcable converfation I have lately had with my friend 
Mr. J. Gough, ot Kendal. To you. Sir, this gentleman, as 
a phiiofopher and mathematician, is well known. Although 
deprived of fight in very early infancy, it is amazing to ob-- 
ferve the rapidity with which he proceeds in geometrical in- 
veftigatioiis. Independent of this very flriking acquifition, 
he is the befi botanifi and natural hiftorian this country pof- 
feflTes. To tliefe branches of knowledge he adds very con- 
fidcra'ble clafiical knowdedge; and in his pneumatic enquiries 
he places no dependance upon any of the gafes which he does 
not prepare himfelf. To converfe with fuch a perfon is to be 
improved. To fome ledures I delivered on galvanifm a few 
days ago, at Kendal, I was honoured with his attendance ; 
and in confeciuence of the law» I was attempting to explain, 
relative to the powers of galvanifm on metallic bodies, 1 was 
favoured, the fubfequent day, with the following letter from 
a very intelligent and well-informed profeifional gentleman at 
Kendal, Mr. Harrifon, brother-in-law to Mr. Gough ; the 
particulars of which 1 dare fay you will find fufficiently in- 
tcrening to merit infertion in your valuable Journal. 


To C. WILKINSON. 

Dkar SrK, Kendal, Nov, 5, 1804-. 

1 MENrioNVD to you yefterday my doubts refpefting the inveftigation of 

law of valvanifm, which you have laid down in NicholfonN . 

, , * , /• I 1 • ■ different piles »« 

Journal tor March 1, ; where you lay, that the igniting burning wire. 

powers in batteries of the fame total furfaCbe, are^s the fquares 
of the furfaces of the elementary plates, fingly takei\in each : 

•This, if I miftake not, you repeate.d in your ledure ol laft night ; 
at wliicii time 1 expreffed my doubts to Mr, Gough, and we 
afterwards examined the data given in the paper before- men- 
tioned ; on which we made the following calculations, and 
found that your conclufion was ftridly true according to your 
data, but that the forces of ditferent batteries expufing un- 
equal furfaces, will be in the ratio compounded of the number 
of plates in each battery, and the fixth power of tiie Tides of 
the elementary plates fingly taken in each. The data you 
have given are the following : 100 plates of four in, fq. ig- 
VoL. IX, — December, ISO!. R niled 
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Inveftlgatlo/i of nited half an inch of wire ; 400 plates ignited two it*cbes ; 
d^ffcreiu pUcs in plates of eight inch. fq. ignited 16 inches of the fame 

burning wire. Wire. 

Now in order to accommodate thefe numbers to algebraic 
calculation, we will fuppofe a comparifon of three batteries^ 
two of which are compofed of plates of equal diameters, but 
difTering in number; the third Qiall alfo differ from the firfl 
and fccond in the magnitude of its plates, and agree with the 
fecond in the number of them. 

Let n be the number of plates in the firft. m the num'oer in 
the fecond and third batteries; w and y the diameters of the 
two fets of plates. Then, if the power of any tingle plate 
bear any conflant ratio io*its furface. it will alfo have a con- 
iianl ratio to fome power of its diameter, becaufe the furface 
is as the fquare of the diameter in limilar figures : let p be that 
power; let k, and z exprefs the lengths of wire which are 
ignited by the 1 ft. 2d» and 3d batteries ^ then from the firft 
datum, n i in : i 1 1 k, becaufe the effed is as the number of 
equal plates, according to experiment. Again, feeing that xv 
is the diameter of the plates in the firft and fecond batteries, 
and y the diameter of thofe compoling the third, and p cx- 
lirefles the power determining the law of force for plates of 
different cliamelcrs, the force of a plate in the firft and fccond 
batteries, will be to the force of a plate in the third, as 
and as the number of plates in the fecond and third is 

Plate. Plates. 

equal, wc fliall Iiavewiti;*’ : my^ xi k : becaufe as 1 : m : : 

Plate. Plates. 

i:** : k, and as 1 : m : : y^ : z, then as : y^ :: k : z, but ai 
71 : m : : / : therefore nixi^ : my^ :x Ik : kz i \ I x z :=z 

hny^ • 

n • 

To apply this general theorem in order to determine the* 
vtilue of p in all cafes, we will begin with your own eS:peri- 
ment made with equal furfaces on different numbers. 

Since 100 plates, of four inches, ignite half an inch of 
wire, and 50 plates, of eight inches fq. ignite 16 inches, we 
have 71 = 100. w = 50, w = 4, = 8, / = :|. z = 16 ; there- 

fore 100 X 4^ : 50 X 8» : : 1 : 16 ; but fince 8 = 2x4. 8**= 

2* X 4'*, therefore 2:2':;f:16, widl6 = ~s=2»“*; 

but 
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but \g zz 2^; hence 2^ = 2** — * ; therefore pzz.Si hence 
the force of plates are as the 6'th power of their diameters. 

When the furfaces are equal, the igniting force is as the 4th 
power of the tides of the individual plates; for in this cafe we 
have n u;* = and n \ m ii y^ i -y therefore the theo- 
rem wrt® ; my^ : : / : z, becomes y"^ i y^ 1 1 1 1 z \ that 
is, \y^ \ \ I \ Zy which is the law in your particular cafe. 

This theorem will be found ufeful in eftimating the force of 
batteries in general ; as an example of which we fliall calcu- 
late, by means of it, the force of your intended battery, con- 
fiding of 50 plates, each 24 inches diameter. In order to de- 
termine the quantity of wire that -will be ignited by fuch a 
battery, we have n = 100, wi = 50, tv = 4, = 24, or lix 

times It;, I = therefore 100 x 4^ : 50 x 6® ti?® ; : i : 3 ; 

6® 

that is, 2 : f)® : : f : z, and 2 = — = 36» x 9 inches, or 
.972 feet. 

I am. Dear Sir, 

Your’s refpc6lfuIJy, 

THOMAS HARRISON. 

Stramon^aiv, Kendal. 


YOU will obferve, Mr. Editor, from the above theorem, -Vpfrimenti on 
that my ftatement of the powers of two different galvanic ‘Iccompoi- 
arraiigcments, equal in their metallic furfaces, being as of '^•*^*^* 

fquarc's of the fiirface of two individual plates, or, which is 
the fame, as the 4ih power of the diameter of each plate, is 
corre6l only where tlie metallic furfaces art; equal ; when they 
are not etjual, then the pow'ers are as the 6‘th "power of the 
diameters, or as the cubes of their rcfpeclive furfaces. 

• In a fliort time you wdll have -the plcafure of a p;jper from 
Mr. Gough, relative to the decompofition of water by gal- 
vanifm : With this view we tried together the following ex- 
periments, the refulls of which tend to favour the explanation 
I have attempted in the Elements I fometime (ince publiflmd. 

For this purpofe I employed 270 plates, containing a fur- 
face of t>720 diuare inches, and connected with the pofitive 
and negative fides by wires of |)latinuiTi. Thefe platinum wires 
were inferted in a difh of water at eight inches bom each 
other ; the pofitive wire difengaged oxigen gas, the negative 
* ’ R 2 wire 
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* , wire liidrogen gas. The decompofition took place urefy 

flowly ; in proportion as the wires were approximated, the 
decompofition increafed in the fame ratio. 

The platinum wires were then inferted into a capillary tube 
whofe bore is about of an inch, filled with water; no fen- . 
ftble effect was produced till the wires were placed at the dif- 
lance of half an inch, and then only a folitary bubble became 
difengaged from the negative wire, never completely detaclicd, 
but hovering round the extremity, not being fet at liberty by 
the evolution of another particle. 

When the platinum wires were inferted in a tube whofe 
bore is -J of an inch, at the diftance of fix inches a flight de- 
compofition was obferved, and which neceflarily increafed in 
proportion as the wires approached each other. 

When the platinum wires w^ere inferted in difFerenl glafTes 
of water, and the extremities of a frog deprived of its inte- 
gument confli tilted the connedling mediupi between the tw'o 
glafles, ora wet piece of cloth, at the diftance of three inches 
a flight decompofition was obferved. 

When tw'o wires are connc(5lccl with the different ends of a 
galvanic battery, the wires immediately participate, as to 
their eleflrical intenfity, wdth the refpe^tive plates with which 
they are in contaft, 

Invcfilgadon of Let US fuppofe P the wire Irom the pofilive end of the bat- 

thcUws ofdc- ^ ^ negative. iV. XI' I. Lei us fup- 

compofition of ’ f* i i i . 

water by gal- pole that the galvanic arrangement is fuch, liiat, when the 

vanifm. wires are placed at the diftance a, a, the dccompofilioii 

commences. If the wires be placed at b and b, the decom- 

pofiLion is confidcrably increafed ; and this increafe will go 

on, till the ipaximilra will be at d, d, when the wires are 

infinitely near each other without being in conta61« 

The pofitive wire, according to its eleflrical intenfity, pro- • 
duces a correfponding ftate in all fluids with which itt.is in 
contact, proportionate to their capacities ; fo alfo the negative 
wire ; and it is evident from the principle of electrical charges, 
that the influence of each muft extend to equal diftances ; it 
will therefore follow', that when at a, a, fuppofing thefe 
points the apices of two equal cones, the areas of their 
refpeCtive bafes will be the leaft poftible, and confequently, 
in their concourfe at i, will only influence a Angle particle of 
water. When the wires are placed at 6, b, then ci will, ex- 

priTt 
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preffithe radius of the circular bafe (fupporm? he = a 0, and Inv^ftlgatidfi of 
coniequently a greater proportion ot water lubjeaed to the 
influence; and therefore evidently when at d, d, or infinitely water by gaU 
near, the maximum of decorapufing efte6ts muft take place. ''•*”‘*"** 

This we obferve is confonant to experiments. 

If a particle of water confifis of a particle of oxigen and of 
hidrogen in a Hate of chemical union, and if an agent be em- 
ployed fufliciently fubtlc to penelrate the conflituent particle 
of water, a feparation will take place. Thus caloric will de- 
flro}*. the aggregation of the conflituent particles of many fub- 
flances, without producing any decompolition ; in this cafe it 
only afls by penetrating the inlerflices fornud by the confli- 
tuent particles without pervading the fubflance of the con- 
flitueiit particle ilfelf. Thus the portions of water, although 
participating of the refpedivc electrical intcnfitics of the two 
wires, as yet undergo no tlecompofition ; as yet it has not 
completely pervaded the particle of water. When a particle 
of water is influenced on one fide by the pofitivc wire, and 
on its other fide by the negative, then the particle of water 
becomes a fniall Leyden phial ; and if the energy of the ap- 
paratus fliould be adequate to overcome the rcfiflance be- 
tween the two fides of tlie particle of water, a feparation is 
produced, and the water becomes refolved into oxigen and 
hidrogen. 

This deftru6lion of the water will take place at i, the in- 
termediate diflance between a, a; bccaufe, when thus re- 
motely lilualed, only a (ingle particle of water becomes thus 
operated upon ; when at 6, b, a greater number of particles 
of water become thus influenced, and ronfequenlly the dc- 
compofilion is more rapid. 

If water placed in a capillary tube be employed, it is evi- 
dent, however near the pldtiiium wires are approximated, 
the areas of the bafes of the refp*e6live cones will be not at all 
iilcreafed, and, confequenlly, the maximum of its power will 
be confined comparatively to a folitary particle of water. 

Tlie inflant a particle of water becomes thus feparaled into 
its elementary portions, it might be expelled that Ihefe por- 
tions would be evolved at i, as being the point of concourfe 
between the pofitive and negative dates ; but in this form 
they are not in the gafeous date ; they require caloric, &c. ; 
and that they do not very readily acquire this other principle 

neceiliiry 
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Cure of rhcu- 
xnatifm and 
palfy by galvan- 
ism. 


neceHary to conftitute them gafes. Is evident from the oxj^cn« 
if an oxidable metal be employed at the pofilivc end, enter- 
ing into combination with the metal, inftead of being difen- 
gaged in an aeriform flate. 

Water is a condu6tor of electricity; its capacity for this 
principle being in proportion to its conducing powers. When 
converted into vapour, its conducing powers are increafedj, 
and fo alfo in the fame proportion its capacity, as is evident 
from water, when undergoing this change, abftraCting elec- 
tricity from (urrounding bodies. 

When a particle of water is refolved into its elementary 
portions, a change takes place in their capacities for eleClri- 
city, caloric, &c. at the v,cry nafeent inflant. Oxigen we 
know, from other experiments, has its capacity for eledlricity 
increafed, and mufl acquire this principle before it can atTuine 
a gafeous form. This acquihtion will be eHe61cd with the 
greateft readinefs in the dirc6lion towards the pofilive wire ; 
while the hydrogen particle having its capacity dirniniflicd, 
will be fimilarly determined towards the negative wire. 

For a future Journal I will trouble you with fome experi- 
ments relative to this change of capacity. 1 am anxious fird 
to perufe Mr. Gough^s intended paper, from whole philofo- 
phical abilities much may be cxpedled. 

Having extended this paper to a greater length than 1 at 
fird expedled, I fliall defer, till another opportunity, a reply 
to Mr. Cuthbertfon’s obfervalions, and flatter inylelf 1 (hall 
be enabled to clearly point out the error into which Mr. C. 
has fallen. 

Although your Journal may not be deemed the proper me- 
dium for any medical^ communications, as 1 have lately wit- 
neifed the very pow’erlul effedls of galvainfm in rheumatic and 
paralytic alFedlions. Whatever may prove of benefit to man- 
kind will, 1 am perfuaded, be readily admitted into your 
valuable Work. • 


1 am. Dear Sir, 

your% with the greateft refpeCl, 

C. WILKINSON, 


Surgeon, 19, Soho Square^ 
London, 


Remark 
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Remark upon an Affertian ofLAVoisiER, uhich has been re* 
peated by eminent Chemifis. By P. Prevost, Pmfejjbr at 
Geneva, and Correjpondent with the National Jnjiitutc of 
France, * 

T . 

aT is a condant phenomenon in natare • . . • • that when A (ration of La* 

any body whatever is heated its dimenfions become 

• 1 • 1- »/« /• I . . lincc biHlies art 

iiicrealed in every direaion If after having heated rontr^aibie by 

a folid body to a certain point, and by that means feparated *^®*'*» ?**■* 

. I , . I I r /v* 1 I . tides aic not in 

its particles more and more, it be then lunered to cool, thefe contad. 

particles will approach each other, according to the fame gra- 
dation by which they were before feparated ; the body will 
pafs through the fame dimenfions it before poircfled ; and if it 
be reduced to the fame temperature as at the beginning of the 
experiment, it will^refiime its original volume. But as we 
are very far from being able to produce an abfolutc date of 
cold ; but on the contrary, as there is no degree of refrigera- 
tion which we cannot fuppofe to be capable of being further 
augmented, it mud follow that we have not yet fucceeded in 
bringing the particles of any body as clofely together as is 
podible, and confequently that the pa) tides oj no body in nature 
can be in a ftate of contact; a very dngular conclufion, but to 
which nevcrthelefs it is impodible to refufe our aflTent.” — 

Elementary Treatife of Chemijiry, by Lavoifier, Vol, L at the 
commenvement. 

The fame aflertion is repeated fevera! pages further, where The fame afler- 
an example is taken of a vefTel filled with fmall leaden diol. 

The balls touch each othcr,^' fays our author, whereas 
the particles oJ bodies do not touch, but are always Jeept at a 
* fmall didance from each other by* the effort of caloric.” 

^Tlfe authority which this celebrated chernid enjoys in the 
learned world, is probably the only caufe why this conclufion 
has been adopted. It is at lead certain that it is not legiti- 
mate, though it has been fo often repeated ; and more parti- 
cularly in a late work, no lefs remarkable for the depth of 
rcafoning and extent of knowledge which it difplays. Ber* 

* Annales de Chimie, Vol. L* p. 58. 

thollet. 
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bjrBerthollct. thollet, in his Ejftii de Static Chimique, Tom. 1. p. 24, parag. 

• 2, * has thefe words : " Cohefion is the eflFe£l of that /ihnily 

which the particles exercife on each other, and keeps them at 
a diilance, determined by the equilibrium of this force with 
thofe which are oppofed to it ; for the property poflTeflTed by 
the mod compact bodies of undergoing a diminution of volume 
by reducing their temperature, proves that there is no imme-* 
diate contadl between their parts.'’ 

Apology for After all, it is not furpriling that an author, who has un- 
Berthollet^ dertaken and fuccefsfully executed a work of fuch immenfity 
with regard to chemidry, fhould refer to one of his mod cele- 
brated predeceflbrs for the folidity of an argument which re- 
lates to the principles of natural philofphy ; and this conduct 
is fo much the more natural, as the argument never having 
been conteded, though frequently quoted, a contiderable 
prefumption arifes in its favour, to difpenfe with any careful 
examination in cafes where it is not intended to be farther 
applied. Now it does not appear Iha^. any iaither ufe is 
made of the propodtion throughout the great work to winch 
our attention is now diredled. I therefore confuJer the paf- 
fage here extradled, rather as the occaiional mention of a 
fmgular paradox, than as a the (is which the author was de- 
firous of edablKhing. 

whofc authority L^t this be as it may, it will notwllhdanding follow, that 
may ncvrrrhe- (he mere incidental mention of an allerlion by an author to 
judly refpeded, will be conlidered as a proof of its truth; 
error. and that the numerous difciples of this great mafler will re- 

peat it with confidence. It is therefore dcfiiable that its want 
of foundation fliould be indded on, and that it (liould be di- 
rcdlly refuted in adjournal of extendve circulation; more 
particularly amongd’ ihofe who are mod like])/ to be mifled 
by fuch ap error. 

The author does Before we proceed, it wiU be proper to make an elfential 
not difeufs the diftinclion. The affertion is as follows; The pur tides dy bo* 
do not touch each other; or in other terms, there is no 
fifts that expan- ijnmedidie contad between the elementarj/ parts of bodies. Now, 
wafli^n prove to fp^ak with propriety, 1 do not at ail intend to deny this 
nothing. affertion, neither do 1 propofe to edablifli if. All that 1 
ijitend to do is, to (hew that it is not legitimately concluded 


* See Lambert's Tranflatioiii Vol. I. p. 2. 


from 
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from ^he principle whence il has been rlecluced ; namely, • 

the diminution of volume which accompanlcii depreffions of * 

temperature. Now I fay that this diminution does not at all 

prove that the elements of bodies have no immediate contact, 

and confequently that this 1a(f adertion is fo far gratuitous. 

And this is the whole of what I defign to prove. 

If it be true that there are numerous conceptions and ex-Wc cun cafily 

ainples which are evident and eafv to be given, of bodies*;.''"^*?'® 
r I • r, .-I • , , * , ? ■ tim 'Without ccf. 

iLihjea to dilation and condenfation without their parts ceahiigririon uf con- 

to be,, in immediate coi.;a£t, it muft neceflarily be concluded, 
that dilation and condenfation can afford no proof in this re- 
fped. For why fliouhl we refufe to admit fome of thefc con- 
ceptions, or to apply loine of tlie^ia examples to the cafe oi 
the elements ? 

I. Conceive the tides to be elongated and united by i. lnft.ince: the 

their extremities, like the legs of a pair of compaffes; and 
, . , ... . r • and 

they may turn with regard to this point ot union, as a centre, r.iuf, 

and pioduce condcn/alions and dilations of the whole apparent 

mafs of the body fuccetlively. 

'2. A dry fponge, or fruit, or mucofily, being plunged ini. Sponpe, &c. 
water, will dilate without any ceffation of the fenfible con- 

^ i 1 I r 1 1- 1 , piffle d 01 Cll- 

tact; and on the contrary, the lame bodies, when v\etled,Iajijcd. 
if expofed to become dry, will undergo condenfation. 

3, The example ol the dilatation ol ice and lome metals bv 1- Kxpanfion In 
cryflallization, an example formally remarked, liudied, 
well explained, parlieiibrly bs the latter of the two learned 
cliemifts I have cited, mull (hew the falfity of the ailerlion 
which I relule. 

Upon reading the work of Berthollel, and taking notes of 
fuch things as 1 was defirous of retaining,^ or concerning which 
I faw' reafon to douht, 1 wrote what is here trahferibed, i. c. 
the fummary indication of the three conceptions, or examples, 
proper to elucidate this fubjedl. ' 

•I iiad no intention of fubrnilling my remark to its natural Similar remarki 
judges, when five or fix weeks afterwards, being employed 
in a very different occupation, I found in the papers of a 
learned * philofopher, which were enlrufled to me at his 

death, 

* George Louis Lcfage, Coirefpondent of the Academy of Sci- 
ences of Paris, afttiwaids Correfi ondent of the National Infiitutc, 

Member 
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, death, a card which contained the fame remark^ but in a 

• more abridged form, and by fimple indication. As it offers 
a variety of examples and conceptions of the fame nature as 
thofe which I have given^ though neverthelefs different^ I 
ihall here give them verbatim : 

jVo/c qf G, Z, Lefage. 

Methods of (hewing that this confequence does not 
follow : 

Ixpanfion and j. Four fingers of one hand introduced more or lefs bo- 

a. Of the hands; hitervals of the fingers of the other hand. 

a. Combs, &c. 2. The (kme with a couple of brulhes, or cards, or 

combs. 

3. Cotton, &c. Carded cotton, or hair, and foap lather. 

4. Snow. 4. Snow. 

5 . Ofcillation. “ 5. Agitation or ofcillatlon, which renders the fame par- 

ticles alternately contiguous and feparate more than a thoufand 
times per minute.” 


Conclufion. The perufal of this note determined me to publifh mine; 

not only becaufe I found myfcif authorized by this coinci- 
dence, but alfo to render a hrfi homage to the memory of a 
philofophcr no lefs modefl than ingenious, and to begin in 
foine refped to execute his will, by pubhflnng at leaft one of 
his notes without making any change. Tiie lad conception 
offered in this lad Qiort note, will piobably induce fomc phi- 
lofophers to refle6l again upon this fubje6t, and may perliaps 
lead them towards the opinions of the wiiter* 

t 

Member of tfi'e Royal Society of London, and of feveral other 
learned Societies, died at Geneva, the 28th Brumaire, in the year 
XII. (Nov. 19, 1803). His principal writings have not yet been 
publifhed. 1 ihall loon give a fliort notice, as well as fome d\:tays 
of his literary life, proper to facilitate the perufal of his works, and 
eftabliih their originality. P. 


Aecount 
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VIII. 

Account qf a Memoir on chatnoying of Leathei\ 

By Seguin. * 

M . SEGUIN, who has already publiflied feveral intercft- 
ing works on the arts, rchiling lo the preparation of* (kins, 
has lately read to the Iiiflilute a fir/1 memoir on chamoying, 
from which we (liall give an extradl. 

l''he author dates, that the art of chamoying con/i/ls in dif. MechanltaJ 
po/ing the Ikins to receive the oil; in impregnating them wiili 
it by di/Ibrcnt operations, of which Jie probably referves tin? 
details for a fecond memoir ; in then cau/ing them to undergo 
a fpecies of /ennentation ; in expofing them to the air; and, 
la/lly, in taking from them, by means of potafti, the excels 
of oil which is ufelcfs to ilicin. 

He aficrwaids pall’s lo the chemical cxaminalion of a dia- 
inoyed /kin. 

He found that this /kin did not undergo any altcialion by ClicmI»'.»I fx.i 
a long boiling in water; but that, if any acid u l)n((*ver 
added (M. Seguin made ufc of bilpliuric acid), the ikin dif- 
appeared entirely ; that a certain quantity ol a concrete oil 
fwam on the furface of the lifjuid ; that the liquor contained 
gelatin^; and that, by its evaporation, it depolileil ciyftals 
of fulphate of jiotafli. He alfo alcertained, that on pouring Cdatme poured 
gelatine into a lolulion of loan, an inloiublc i)rt;cipitale is ol)- of 

® ‘ . ■ r foinis .1 

tained, which, treated willi an acid, coinpoits itfcif exactly prreipitate wli.ch 
like a chamoyed Ikin. ipiciTibiw a yhi- 

Tliefe refulls, and the confidcrations Iq •which ihe cxpcifi- 
lion of tlici principal operations of chamoying hav^ given rife, pcjties. 
induced M. Seguin to conclude that the Ikins, in the Terrnen- Theory of the 
tation which they undergo, yield ^ part of their oxigen to (hu 
oiI;*that the polalh enijiloyed to cleanle them, forms a foap 
with the oxigenaled oil ; that one part of this foap, by com- 
bining with the difoxlgenaled (kin, produces the inloiublc 
fub/lance which makes the (kin chamoyed ; and that the other 
part ferves to con/iitulc tiiat greafe which remains in the 
leather. 

^ From Bulletin des Sciences, Tom, HI. p. C09, 

This 
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I This work is the more interefting, becaufe hil.hert(j no one 

has confidered chamoying in a chemical view, and becaiile 
Ihe analyfis to which M. S<*guin has fubmitled his refulls, 
renders it I'ufceptible of acquiring that perfefllon which the 
difcoveries of this chcmifl have already given to the art of the 
tanner. 


IX. 


Analt/fia and Decompnfition of a Li'fuor employed to rtnder Siuffk 
mpermtable to Water, By M, Vauquelin.* 

It is known that, for fome years, different perfons have 
been luccefslully employed in rendering Ituffs impermeable to 
water, an obje£t of great importance in the clothing of foldiers 
and Tailors. 

The inventors of this procefi. have hifnerto kept the means 
they make ufe of fecrct : there was only reafon to fuppofe 
that fonio fat oil was the bails of their receipts, but experi* 
ment has not yet developed it. 

A bottle of this preparation, of w hich the eflicacy w'as known, 
having accidentally come into my Isand^, gave me a defire to 
inveftigate its compofition; but before fluting the p’an which 
I followed with liiis view, I thall deferibe its ph\ficj^l pro- 
perties. 

Phyfical charac- It is a white i:quor, milky and opake, of a hitter tafle, and 
^rs of a liquor fmelling like foap ; on its luiface iIumv is a (j)ecies of cieam 
ftuffs impeime- rofembling that of milk, and it ftrongly reddens the tindiire 
able to water, of turnfole. From thefe properties 1 thought it was Amply a 
foluiion of flx'ip, of which it flill rolaii.ed the fmcil and tafle, 
which Imd been decompofed by an acid ; but fubfequent 
experiments foon convinced me that there was fomeihir.g 
more in it. ' 

Chemical exa- Experiment , — To find whether 1 could feparate the 

m.aation. white matter which rendered the liquid turbid, by filtration, 
A turbid part is I ® certain quantity of it on bibulous paper: it paffed tur. 
feparaced by re- bid and milky for a long time, but. by returning it feveral 
pe.itcd filtiation. filter, I fucceeded in obtaining it as clear 

* Fiom Bulletin dcs Sciences, Tom. III. p. 210. 

ns 
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as watqr; and I afterwards examined the liquor, and the 
matter which remained on the filter, feparately. 

Second Experiment , — If niy conjecture was well founded, 

I fhould only find in this liquor thebafe of a foap uniled to an 
acid, of which there was a fupeiabundance. M\ tirfi care Conrains ful- 
was to fatisfy nn felf of the nature of this acid, and that wliieh 
its tafle had alrearly indicated to me, was confirmed by mu- 
riate of bar}tes producing in it an abundant precipitate, iii- 
folnble in nitric acid : thus 1 was convinced that the liquor 
contained fulphuric acid ; but, on the other hand, ammonia Ammonia foim» 
liaving produced in lliis liquor a while, flocculcnt, femi- 
tranfparent precipitate, I faw that it contained fonicthing 
more than the fhit relulting from theMecompofilion of foap. 

Third Experiment , — I then precipitated a certain quantity 
of this liquor; I waflied the precipitate and dried it: as it 
had all the ph)fical charadlers of alumine, I combined it with 
fulphuric acid ; 1 added to it a little fulphale of potaOi, and, 
by a flow evaporation, obtained feme very fine alum. We Conuiniatu- 
have therefore already found in this liquor alumine and ful- 
phuric acid, douhtiefs combined in the date of alum. alum ; 

Fo'iTth Experiment , — It w'as now requifitc to know whether 
the litjuor from wiiich 1 had feparated the alumine, did not 
dill contain fomc other fubdance, and 1 therefore fubmitted 
it to fome trials by the re-agents, among which the oxigen- 
ated muriatic acid and the infufion of nut-galls enabled me 
to difeover a new body : the fird rendered the liquor turbidy and alfo an anl- 
and foon afterwards produced w’hite fiakes in it; the fecond *”*“®*^* 
produced yellow ith-while fiakes, in much greater abundance 
than thofe arifing from (he efFedt of the muriatic acid ; whence 
1 rurpe6ted that, befides the matters meationed above, this 
liquor contained an animal matter, and more particularly ge- 
latine. 

Experiment , — To be belter fatisfied of the nature of 
this'fubdance, I evaporated the liquor to drynefs, by means 
of a gentle heat ; I obtained a yellowifh fait, of a biller lafie, 
which, by being re-diffolved in water, left a voluminous 
yellow matter, in the form of flakes, very glutinous, and ac- 
quiring, by drying, a fort of elafiicity. This fubflance, 
placed on burning coals, fwells and exhales white fumes, 
w^ich have the odour of ammonia and fetid oil, luch as are 
■generally given by animal matters. 
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I no longer doubted that a certain quantity of anifnal ge« 
latine had been put into this coinpotltifuij with the intention 
of giving greater vifeofity to the liquor, and enabling it to 
fupport, for a longer lime and more effedtively, the parts of 
the oil in furpenfion. It is probably by heat and by a com- 
mencement of dccompofiiion, that the animal gelatine had be- 
come infoluble in water; but I perceived that the liquor con- 
taining the fait alfo held fome of it in folulion, for the muri- 
atic acid and infufion of galls flill formed precipitates in ity 
only lefs abundant than the firfi time. 

Su//i Erptrunent . — Tn this experiment I endeavoured to 
learn the nature of the fat fubflance retained in ihe filter, and 
of wiiicli I have fpoken above: my intention was principally 
to difeover whether it held fome other fubflance in combi- 


nation. 


For this piirpofe I burned it with the filter in a platina cru- 
cible; it exhaled a vapour fimilar to that of tallow or the oils; 
it left fome allies, of which the filter had furniQied a part : I 
found a fmall quantity of alumine in them, which could only 
proceed from the oil, for the bibulous pa]>cr did not contain 
an atom. 1 am alfo of opinion, that, in addition to the ahu 
mine, this oil contained a fmall quantity of animal matter, 
but I cannot pofitively affert it. 

which retained Thus, iiotwithflanding the excefs of acid which exifled in 
fome alumine in liquor, the oil in precipitating carried with if, and re- 
tained in combination, fome alumine, and probably fome ani- 
mal gelatine. 

It is a combina- Hcnce the fiibflancc which, by unitirg with fluffs, ren- 

tion of oil, alu- impermeable to water, 'u not the oil alone, but a 

mine, and am- , ■ • i i 

mal gelatine; combinatioi\ of this' fubflancc with the aluniino, and probably 
with th<; animal gelatine, which renders this property more 
durable. , * 


and yields a little Seventh Experiment . — The liquor which I had fuccL«.lj\;cly 

alumine, and, in part, of the animal 
matter, by the different procclfes mentioned above, gave me, 
by a flow evaporation, cryftals of a fait compofed of foda and 
fulphatc of potafh. 

Another ana- Eighth Experiment . — I made a better analyfls of this liquor 

another procefs, which I fball detail very briefly. 

I precipitated the alumine and the oil by lime-water; I 
colledled, waflied, and calcined the precipitate: that which 
remained in the crucible was alumine and lime. 

4 The 
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Ti)ei]!quor« from which thefe matters had been feparated^ ^ * 

evaporated to a certain degree, yielded fulphate of lime, a 
certain quantity of animal matter, become inlbluLle by the 
deliccation of the liquor, and, finally, fulphate of foda and 
potafli, containing alfo animal gelatine, foluble in water. 

The following is the manner in which I conceive this liquor Manner of pre« 
was prepared, vdth the exception of the proportion : Soap and P*dng the li- 
glue, or any other gelatine, was difTolved in water; a folu- *^'***’^* 
lion of alum was mixed with the folution of thefe fubflances, 
which; by its decompofilion, formed in the mixture a floccii- 
lent precipitate, compofed of oil, alumine, and animal mat- 
ter; afterwards fome dilute fulphuric acid was added, to 
redilTolve (he alumine in part, td render the precipitate 
lighter, and to prevent it from falling: but the alumine 
being once combined with the oil and animal matter, will 
not dilTolve again entirely in the fulphuric acid, which is the 
reafon why the oil cpnlinues to be very opake, and neither 
rifes nor precipitates ; it will be undcrflood, that too much 
fulphuric acid is not to he added. 1 do not know if this is 
precifely the manner in which it is made; I only know, that 
by following this procefs, I fucceeded in compofing a liquor 
exactly refcmbling it, and which pofferted the fame pro- 
perties. 


X. 

Nctm Experiments on Ahforption by Charcoal^ 7)iade by Means of 
a new Machine. By C. L. Mouoz/^o,* 

1. In the fccond memoir which I publifhcd on charcoal, in Firft notice of 
J783,t I mentioned my intention of employing its property oi*^**® invention. 
abforb\pg the gafes, to form a good eudiometer, 1 immedi- 
ately fet about the conflru6lion of an inflrument with which I 
made fome experiments; but the agitation of the times obliged 
me to abandon my purfuits: a philofopher, however, to whom 
I had (hown this inftrument, look the liberty of publifhing it, 
nolwilhftanding its imperfedlions, and without naming the 

• From the Journal de Phyfiquc, Floreal, An. XII. 

f Journal dePhylique, p. 37(5, 

. autliLr. 
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D!:rcript!on of 
the initrament* 


author Let u$ pafs orer thefe unpleafant eYenIs, as is^elT as 
the alterations s^nd corredions which 1 made to bring the in« 
(Irument to its prefent (late: the defcription which follows^ and 
the figure will be funicient to iliow what it now is. 

Defcription of the fnjtrument. (Plate XIV.) 

IT. A B is a tube of clear glafs, three lines and a half in 
diameter and eighteen inches high : to this Lube a flop-cock C 
is fixed, to (hut (he communication, by means of the key D, 
fo that the tube may be filled with w»ater or mercury, and the 
gas to be examined may be afterwards pafled in. I'u this flop- 
cock C a large one E is foldered, an inch and a half in dia- 
meter, and almoft three inches long. The handle P" F ferves 
to turn the key of the flop-cock K; this key has a hole, one 
inch and three lines in depth, and feven lines in dratneter, 
fFig. 2 ) in which the charcoal is placed. This key isperfefliy 
tight, and, when turned, communicates with the cock C, Pig, 
3, not permitting the pafTage of any air whatever. The large 
flop-cock is enclofed in a wooden frame, and well fecured by 
means of the nut H, which confines the lower end of the flop- 
cock £ behind the board; the lower extremity of the tube dips 
into a vclTel of mercury II; the board M M keeps the inflru- 
nicnl perpendicular; N N are pads which ferve to raife the cup 
filled with mercury; O O is a fcale mounted on a flip of w'ood, 
which is graduated to inches and lines. The endlefs fl row P 
ferves to raife or lower this fcale, to bring it to the level of the 
mercury in the cep. 

III. After having ufed the inflrument for fome time, it is 
neceflary to unferew the keys to clean them, for, by ufe, dufl, 
charcoal, or afhes w;ill get in, which deranges the inilrument, 
and fuffers a*ir to pafs. 

IV. Prom feveral experiments, I found that the flop-cock^ 
D C, which is attached to the cryflal tube fhould be of fleel, 
for on examining the refidual air, or filling the tube with dSer- 
cury to examine any gas, the mercury will at length attack the 
copper. 

* The author does not name the perfon here alhided to ; and in 
a note he gives a defcription of this firft imperfe£l inflrument, re- 
ferring to the figure fo publiilied. This is omitted, becaufe of little 
utility and not intelligible without that figure. N. 


V. I 
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V. J alfo think it right to propofe a fmall alteratiofit tl Is ha^ 

that the extremity of the tube which is plunged into the bowl ^ 

of mercury, (hould be a little more bent, that the refidiial gas 
may be transferred with greater eafe: this flight vartalioii^ 
however, is not at all injurious to the inArument, becaufe the 
heights are roeafured by tliat of the mercury, the level of which 
is indicated by the fcale prepared for that purpofe; its greateA 
inconvenience will be to make a larger and more cylindrical 
bowl necelTary. 

VI. This machine was made by J. B. Piana, a very fkilful ^ 

mechanic; he conAruSed it with fuch accuracy, that it pre* 

ferved the moA perfedt vacuum for eight days, which is what 
I am unacquainted with in pneumatic machines. 

Manner of ufing the InflrUment^ 

VII. Suppofe I am defirous of examining the abforption MethoSo# 
eAe£led in atmofpheric air by charcoal. The tube A B is Ailed 

with the atmofperic mr of the place in which the machine is; 
the Aop-cock Dis open, the upper one is clofed: I place the 
cup of mercury under the tube, into which I infert a finall 
glafs fyphon, to caufe the air to take the level of the mercury. 

If I make ufe of a gas, I pump out the internal gas of the tube 
with a glafs fyringc, to bring the level within the tube to that 
of the exterior mercury in the howl. Afterwards, by means 
of the ferew P, I move the fcale till its zero is alfb at the 
level of the mercury, 

I make a piece of charcoal, weighing, half a dram or thirty* 

Ax grains, red-hot, and ivith tongs place it in the cavity G of 
the large Aop-cock ; I then (urn the handle F F, and in a few 
minutes the mercury will be feen to afceniP more or lefs in the 
tube, according as the air is more or lefs pure. * 

If it is wiAied to examine other gafes> or atroofiiheric aif 
Vaught from another place, then^blofe the key D, and All the 
tuUb A B with water; afterwards difplace the water with the 
gas, in the common way by means of a transferrer; bring it 
to the mercury, and, by means of bibulous paper, abforb the 
water perfectly ; then wipe the outAde of the tube carefully 
with warm Aannel, and leave the inArument at reA for two 
hours : or otherwife make ufe of a mercurial apparatus, which 
is preferable. 


VoL. IX. — Decsmbbr, 169^. 
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• « 

Incmvenierhces qf the InftrumenU 

Inconveniences* Vlll. Nothing is more certain than the property pofTeflred 
by charcoal of abforbing a more or lefs confiderable quantity 
of gas, and of atmorpheric air ; the experiments which 1 have 
publitbed are a complete demon ftration of it; but I then made 
ttfe of white glafs tubes, hermetically fealed at the upper ex- 
tremity, and paired the charcoal under the mercury, by which 
its interllices were filled with that fluid. At prefenti on en- 
deavouring to make comparative experiments with my new 
machine, which I was delirous (liould be a perfefit eudiometer, 
1 found that the cavity G. in which I placed the charcoal, and 
the fmall fpace between the two keys of the ftop^cock, con- 
tained air ; that by the heat of the charcoal (his air was di- 
lated, and partly expelled, and that confequently, on opening 
the key of the ftop-cock, a fmall abforption was occaiioned 
by the vacuum thus made, and the mercury then rofe. To 
convince royfelf, and to difeover at what quantity this abforp- 
tion might be calculated, the apparatus being arranged as for 
other experiments, inftead of charcoal I introduced a piece of 
red-hot pumice-llone (i gave the preference to this fubllance, 
becaufe 1 was certain tliat it had not the property of abforbing 
the air, and alfo (hat it would not take a greater heat than 
charcoal) : on turning the key an abforption of an inch took 
place, and from feveral experiments, 1 am convinced that this 
quantity is Uniterm within half a line* 

Cotre^ion of the Inftrument, 

Correaion of IX. From the experiment made with the pumice-fione, it is 
the inftrument. ©bvioiis that' if an inch is deducted from the total abforption, 
the real Abforption produced by the charcoal will be obtained. 
' Befides, in comparative experiments this imperfection caufes 

no error ; becaufe as they are all conducted in equal clrcRm* 
llances, the variations produced, either by the different gafes, 
or by the different quality of the charcoal made ufe of, will be 
always proportional. 

, X. With this inftrument I made feveral experiments which 
I fliall now relate. 

Ciiier'of the ex- XI. I began by examining the aCtion of charcoal when cold, 
periments. afterwards at a low heat ; I then examined the abforption 

by 
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by cftctrcoal expofed^ for a greater or lefs length of Itmef toihe • 
light of the fun ; this enabled me to afcertain the quantity of 
light and caloric which enter into the charcoal. 

XII. The experiments on atmorpheric air, which is more ot 
lefs abforbed according to its purity» follow next. 

XIII. After thefe are the experiments on different gafes, 

XIV. Oxigen gas gave me very Angular refults, diame- 
trically oppofite to thofe I had obtained in tubes hermetically 
fealed, and when 1 palled the charcoal through tlie mercury, 
which deranged me greatly in the confequences 1 deduced 
from it. 

XV. After this article will follow fome confiderations on 
the qualify of the charcoals made ufe of, which prove that their 
property of abforbing is different according to their different 
qualities. 

XVI. I afterwards Ihow that my inlirinnent may be ufed in 
many cafesi if inllead of mercury, coloured water is employed, 
but with requifite modifications. 

XVI f. The charcoals which had been employed in tbeex* 
periments all acquired a greater weight : 1 endeavoured to 
extra6l Che air which they had abforbed. 

X VIII. I alfo mention the trials which may be made by 
falurating the charcoal with difierent fubftances, having only 
made four experiments. 

XIX. I then proceed to the concluiion, in which I endea- 
vour to give the explanation of thefe experiments. The opi- 
nion which I had adopted in the fecond memoir, receives ad- 
ditional confirmation from it ; but the refults of the experi- 
ments 1 made on oxigen gas having changed the ideas I had 
formed, I am not willing to hazard an explanation at prefent. 
Philofophers will therefore be contented with having new facts 
and new experiments. • 

, l^he experiments which 1 detail were repeated feveral times, 
and their accuracy may be depended on, as I can affure my 
readers, that 1 have always confidered truth as the brightell 
ornament of a philofopher. 

Espetiments made with my new Inftrument, 

1ft. The charcoal which I generally employed was that ofsxpenmeatf 
beech-wood ; the weight of the pieces half a dram, that is to^^ 
fay, Ihirty.fix grains. 

. S2 


2d. The 
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2(1« The tube of my glafs was eighteen inches long, fromMhe 
bottom of the key to the furface of tlie mercury, the level of 
which is indicated by the moveable fcale. The diameter of 
the tube is three lines and a half : it contains one ounce and 
feven drams — five grains of water^ or a volume of atmof- 
pheric air of four grains and a half at a temperature of -(-^10^. 

3d. Being defirous of throwing a light upon the property 
poiTefTed by charcoal of abforbing a part of the atmof'pheric 
air, as well as of feveral gates, by means of my new inftru- 
inent, I made a great number of experiments, which I fhall 
now dcfcribc. 

4tli. Charcoal, when cold, has the property of abforbing 
fume fniall portions of atmolpheric air, and this abforplion, al- 
though very flow, is not complete in lefs than twenty-four 
hours. 

On charcoal 5lh. Wi thing to try whether charcoal to which heat had 
heated wiAout communicated without diredl expofuredo fire, would fliow 

Bre, any abforbent power, I placed a piece in a Imali malrafs, 

which 1 immerfed in boiling water for an hour; having after- 
wards put the charcoal into the machine, I obtained an ab- 
forption of about three inches. 

6th. 1 boiled oil, in which 1 left the matrafs for an hour; 
an experiment with this charcoal gave an abforption of three 
inches t wo lines. 

7th A fmall malrafs containing a piece of charcoal was im< 
merfed for an hour in boiling alkaline lixivium : it gave an 
abforption of three inches three lines nearly. 

Thefe three experiments fliow that heat communicated to 
charcoal, even witho>iit the contadl of fire, gives it the pro- 
perty of abforbing a larger portion of air. 
andexpofedto 8th. TliD preceding experiments induced me to examine 
the folar light, whether the light of the fun would communicate the fame 
property to charcoal, I therefore expofed different piece j 
this light, in a white porcelain bowl, and the abforptions w*ere 
proportionate (o the times which the pieces were expofed to 
(he light of (he fun 

* At the inftant of putting a piece of charcoal into the machine, 
1 placed another which had been expofed with the reft to the fun fur 
three hours, on the bulb of a thermometer; it only raifed one de- 
gree and a half of Reaumur's fcale : the beat therefore was not 
very confiderable. 


Alter 
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Afler two hours the charcoal abforbed one Inch two lines. * 

After three hours, one inch eight lines. 

After five hours, two inches. 

After feven hours, three inches nearly. 

It is difficult to obtain very prccife refults, becaufe the heat Tl 
of the fun is greatly varied, according to the wind ; but in 
this cafe it is light as light which unites with the charcoal, for 
in very cold days when the thermometer in the (hade was at — 

6^, I dill obtained an abforplion *. 

9th. Being delirous of afcertaining whether this abforbent 
property belonged to charcoal exclutively, I tried feveral other 
bodies, which there was reafon to believe contained a gieat 
deal of the matter of fire. 

iOth. I took a (mail cylinder of loaf fugar, coKI ; it did not Exppvimeitu on 
produce the fmallefi apforption. *“S**^» - 

A fimilar piece, which I had heated in a matrafs with boil- 
ing water, gave ah abforplion of between two and three lines. 

A piece of fugar which had been expofed to the fun for two 
hours alfogave an abforption of between two and three lines. 

nth. 1 (ben proceeded to the examination of fulphur and on fulphur, 
fealing wax. 

A cylinder of fulphur of the fame weight gave no abforp- 
tion when cold. 

A fimilar cylinder, which had been expofed four hours to (he 
light of the fun, gave an abrorplion of about three lines. 

A piece of cold fealing wax did not give the lead abforption, and on fealing. 
and a fimilar piece wliich had been two hours in the fun, gave^*** 
an abforplion of about two lines. 

12lh. All thefe fmall abforptions which were obferved as 
well in the fugar as in the fulphur and fealing Wax, were only 
owing to the flight heat of thefe bodies, which produces a di- 
latation in the air of the cavit)', and a difplacing of that por- 
tion of the air which is filled by the folid body ; for a piece of 
pumice done, of cork, or of any other body, produces the 


* It would be inteiefting to examine the abforptions which might 
be produced by different pieces of charcoal which had been in the 

light of the fun tranfmitted through coloured glafl'es, or by making 
the different coloured rays fall on the charcoal by means of aprifm, 
and to obferve whether the piece expofed to the red ray would abforh 
more or lefs than that which had received the violet ray, and fo of 

the others. 



CASKS ABSORBED BY CHARCOAL. 


*fd?i It is therefore in charcoal alone that this abforb« 

abfoibfnt^pro* * property refides, and it is developed to the higheft degree 
perty. by heat and light. 


, 1 

Bsperionif 

atmofpht'' /- 


Former experi- 
ments. 


Air of a privy. 


Experiments on Atmojpheric Air. 

13th. I then proceeded to examine the efie6ts of incandef- 
cent charcoal on atmofpheric air, in my indrument, and I re- 
peated the experiments feveral times : the air of my garden 
was condantly lefs abforbed than that of my bed-room, an hour 
after the windows had been .opened, and this was lefs abforbed 
than that of my bed-room in the morning before opening the 
windows : the abforptions were, 

The air of the garden, feven inches (ix lines. 

The air of the room after the window had been open, eight 
inches one line. 

The air of the room, in which it had not been renovated, 
eight inches fix lines. « 

Hth. |n the experiments which I made in the year 1785, 
with tubes twelve inches in height, and one inch in diameter, 
I patTcd the charcoal through the mercury ; (he abforption of 
the almofpheric air was then always about three inches and 
fix lines, that is to fay, a little more than one fourth : in this 
cafe it is uniformly greater and about one third. Probably the 
mercury filled many of the interflices of the charcoal when it 
was pulled through it, which might prevent this greater ab- 
forption. 

15th. I afterwards examined the air of a privy, whiuh was 
taken into the fyringe feven toifes above the (ewer. 

The abforption was eight inches, that is to (ay, nearly equal 
to that of niy ^oom. This did not furprize me, becuufe in 
thofe compofitions which contain azote, this gas is not mneh 
abforbed, as vve Qiall prefenlly fee : befides, Mr. While with 
an eudiometer of nitrous gas alfo found that the air of a prkyy,, 
gave him an abfoption equal to that of common air 


Experiments on the Gafes, 


Experiments on 
the gafes. 


IGth. After having examined the atmofpheric air, I pro- 
ceeded to the examination of carbonic acid gas : I filled the 


• See Journal dePhyfique, Tom XVIII. p. 145, and the reflec- 
tions cf Guyton Morveau in his excellent treatife on the means of 
difinfefling the air. 

m 


tube^ 
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tube \f lih this gas, which I hod extradied from powclerediBBr- Carbonic 
ble by vitriolic acid. I placed the incandefcent charcoal in 
machine which eflfedled an abrorption of fixteeii inches fix lines, 
that is to fay, of eleven twelfths of the capacity. This ex- 
periment correfponds exadily with that which I made with Uie 
tube of twelve inches in height, and one inch in diameter, ajid 
in which the charcoal was palfed through the mercury : the 
abforption in that cafe was eleven inches. 

17 th. I afterwards examined the eifedl produced. on the fame 
gas by a piece of charcoal which had remained five hours in 
the folar light. Itcaufed an abforption of ten inches and three 
lines, which furprized me greatly. 

IStli. But to afcertain whether *charcoa1 has any peculiar 
affinity with carbonic acid gas, 1 tried this gas by placing a 
piece of cold charcoal in the machine, and the abforption was 
nine inches fix lines. 

19lh. To difeover^the effedt of carbonic acid gas when mixed A mixture of 
with atmufpheric air. I filled t he lube, which is eighteen inches 
high, with nine inches of carbofiic acid gas, and nine inches pheric air. 
of the air of my room with the windows open : the charcoal 
effedted an abforption of twelve inches and three lines. 

On analyling this experiment, it agrees perfedlly with thofe 
related above, for 

The abforption of the air of my room was 8 inches 1 line. 

— — of the carbonic acid gas 16 6 

Total 24- 7 

The half of this is twelve inches three lines and a half, 
within half aline of the abforption obtained. 

20lli. I afterwards tried the adlion of .dharcoa! in hidrogen Hidrogen git. 
gas, obtained from iron by fulphuric acid, and llhe abfoption . 
was three inches and one line: it was accompli (lied* in five or 
fix minutes, and flopped at that height ; the effedl obferved 
ill* my machine did not furprize me, for I had noticed in my 
firfl memoir, that of all the aeriform fluids, hidrogen gas was 
abforbed the lead. There is a perfedl corrcfpoiidcnce between 
this experiment, and that which I made in the year 1783, in 
cryflal tubes of one inch in diameter and twelve in height : the 
abforplion was then two inches and one line, that is to fay, one 
fixlh of the height; in niy new machine, the lube of which is 
eighteen inches long, the abforption was three inches and one 
line, which is alfo the lixth of the capacity. 


21ft. On 
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dift. On trying the fame hidrogen gas with a piece of*char- 
coal which had been kept about four hours in the bright folar 
light, I had only an aUbrption of fix lines. 

22d. I next proceeded to the examination of azote gas. I 
began by examining that obtained from atmofpheric air, in 
which a candle was extinguiihed. 

Theabforption was fix inches. 

23d, I examined that obtained by thecombuftion of fulphur, 
and had an abforption of feven inches and three lines : it is to 
be obferved that this gas always contains fulphureous acid, and 
for that reafon more of it was abforbed. 

A fecond experiment with the charcoal gave me feven inches 
and two lines. 

I afterwards tried the azote gas obtained from atmofpheric 
air in which I had extinguiihed a large piece of charcoal under 
a bell : the abforption was feven inches fix lines ; but this gas 
always contains a little carbonic acid, and uonfequently there is 
a larger abforption. 

24th. To be fure of having the pureft azote gas without 
mixture, I took the gas obtained by decompofing nitrous acid 
by means of hidrogen gas, which lafi gas had been obtained 
from the decompofition of water by iron. 

The abforption was only fix inches and one line. 

We have not yet very corre6t ideas with refpedt to azote : 
]t appeared to me, however, in feveral of the experiments 
which I made with atmofpheric air, that when it is united 
with aqueous vapour, more of it is ablurbed than when in a 
dry date. Befides it is evident that the azote gas is not much 
abforbed, vvhicb correfponds with my firfl experiments. 

a 

• (The Conolvfion in our next,) 


XI. 


On tht Commerce of Hens Eggs^ and oh their Prefervaiion, By 
M. Pakmentiek *. 


There are very confiderable differences in the eggs of 
hens in rerpe6i to fize. Some are as large as the eggs of ducks, 
while oUiers rc^femble thofeof pigeons. M. Parmenlier, from 


• from Bulletin des Sciences, Tom. HI. p. 214. 

* obfervations 
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obfervations on a great number of hens of differetit breeds^ ^ * 

which he reared in the fame place^ has found that the bulk of 

the eggs depends much more on the breed of the hen than on 

the quantity of nourithment. Thofe breeds which give (he 

larged eggs are not however to be preferred on that accounti 

becaufe with them as much may be loft in the quantity of eggs 

as is gained by their fize. Of all the breeds known in France 

the author gives the preference, with refpeft to the produce of 

cggs> to that which is called the common hen, and which is 

only common becaufe its merit is known. Thofe which have 

black legs are in greater efteem than thofe with yellow ones. 

From comparative experiments^ continued for a year, M. 

Parmenticr found that though the eggs of this bseed were not 
fo large as fome others, yet every thing beiides being equal 
they produced at leaft one half more. 

Next to this breed of hens comes the crefted hen and the Superior bicedi. 
large Flemifti hen. • The one is more delicate eating, becaufe 
laying iefs than the common hen, it grows fatter; the other, 
without being more produdive, is preferable for raiiing chick- 
ens. Theyi% lien (poule de foit) fo beautiful in its form and 
in the finenef^ of its plumage, fo careful in laying, foaffiduotis 
in fetting, fo lender of its chicks, might be recommended, but 
unfortunately two of its eggs are not worth one common egg. 

This circiimftanco places it among thofe which muft be left for 
the curious. 

After the choice of the breeds, care muft be taken that the Management of 
hens are neither fed loo abundantly nor loo fparingly ; that they 
do not wet their feet, that they are fufficiently clofe in the rooft 
fo heat and eledtrify each other; and, t|)at they meet with a 
little warm dung in the day time. * » 

When the only objedl in keeping hens is to pr(;cure eggs, 
and thus turn to profit the grain .which remains among the chaff 
andMn the dung-hills, it is wholly ufelefs to keep cocks at the 
fame time, becaufe experience has iliown that hens deprived 
of the male do not lay Iefs than thofe which have it. The 
faving by this is not the only nor the greateft advantage. The 
unfecundated eggs keep much better than thofe which are fe- Unfecundated 
cundated. It has been found by experiment that they can fup. '88® haWc 
port a heat of 32*^ (87® F.) for thirty or forty days without experi- ^ 

encing any change. It is therefore evident that the evapora- 
tion of the liquors is not, as Reaumur thought, the immediate 
« caufe 
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^ , caufe of the putrid change in eggs, and that to preferve them, 

it is not iufficient to cover them with greafe or oil, as this 
learned man recommends, fince in the experiment mentioned 
above the unfecundated eggs did not fpoili though they loft 
ccAifiderably by evaporation. The fecundation, by the prin- 
ciple of life which it communicates to the germ, expofes the 
eggs to many accidents which do not take place with thofe in 
which the male has had no (bare. 

Caufes of the M. Parmentier particularizes fome of thefe accidents. Some 
fpoiling of eggs, of tliem arifefrom the commencement of the developement of 
the germ. Sometimes it is enough if feveral hens lay their 
eggs in the fame neft; for the egg which is iirll laid in it, par- 
taking in fugcelTion, and for fome hours, of the heat of the 
hens which follow each other, undergoes a fpecies of incuba- 
tion which excites the vitality of the germ, and this egg be- 
comes changed, though it is but recently laid. It is thus that 
eggs of the fame age appear frequently to/iifFcr in their frefli- 
nefs. At other times the change in the egg may arife from 
the fecundating germ being killed, either by thunder, or in 
the conveyance, by the jolting of the carriage or the rolling of 
the veflel, or by the lapfe of lime. When the germ is once 
dead it corrupts, and communicates the corruption to that 
Utility of im- which furrounds it. This theory appears to explain one me- 
mcrftng the e jgs iJjqJ j made ufe of fuccefsfully for preferving eggs even when 
in boiling water, fecundated : it confifts in plunging them for a couple of fe- 
conds into boiling water. It is known that by this means they 
become fufceptible of being prefer ved for (evcral nionlhs, if 
they are afterwards kept in a cool place, or in fait. M. Par- 
mentier fufpeds that the utility of this procefs depends on the 
deftruftion of, the vitality of the germ by the boiling water. 
Sggs hkl atfea Mariners atTert that eggs laid at Tea keep better than others, 
keep longer than May not this arife from the liens on board a fliip having no com- 
munication with cocks? For the fame reafon the dimintHifd 
vigour of the cocks in our poultry yards, in autumn, may be 
one caufe of the eggs laid in that feafon being more capable of 
being kept than thofe of the firfl laying, to which may be added, 
that the hens are at that time fed more with grain and lefs with 
herbage. 

P'rom thefe obfervations, M. Parmentier thinks that the firfl 
coi\dition towards obtaining eggs capable of being preferved 

and 


Requlfites for 
keeping eggs 
frsili. 
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and tranYporied without fpoiling, it not to keep a cock with tlia 
hens in the poultry yard. It is an error to hippofe that eggs 
not fecundated have a worfe tafte than thofe which are (b* 

The author afcertained that the moft delicate palate was inca- 
pable of difcovering any difference. Afterwards it is only re* 
quifiteto fhelter the eggs from humidity, hght, heat, and froff. 

The method which fucceeded beft with the author was to pro- 
cure batkets made of ftraw, in which he placed the eggs with 
layers of chaff between them. The ftraw and the chaff' are 
dry materialsi froooth, very bad conductors of heat, and con- 
fequently, very proper to preferve the character of freflincf; in 
the eggs; thefe bafkets were afterwa/ds fufpended in a dry, 
dark and airy fituation. * 


XIL 


Method t{f giving the Colour, Grain, and Ilardnefs of Steel to 
Copper. By B. G. Sage*. 

]M[aRGRAFF and Pelletier have publiflied their inveffiga* 

tions relative to the union of phofphorus with different metallic 

fubffances; tlie French chemift has brought this procefs to per* 

feditm : it was by repeating and varying his experiments that 

I difeovered that the readied and moft certain method of phof- The readieft and 

phorating copper is to lake the copper in the metallic form, to of uniting* 

melt it with two parts of animal glafs, and a twelfth part of copper tad pM* 

powdered charcoal. But it is effential that the copper 

offer a large furface; an advantage which is* obtained by ufing 

chips of this metal, which are to be placed in alternate layers 

yriih the anirnal glafs mixed with the powdered charcoal. 1 

expof'e (he crucible to a fire brifk enough to melt the animal 

glafs*; it forms phofphorus ; the greateft part of which burns, 

while another part combines with the copper, in which it is 

fo confolidated that it does not quit it, although it is kept in 

fufion for twenty minutes under the animal glafs which has not 

been decompofed. 

When the crucible has cooled and is broken, the phofpho- rhofphorated 
rated copper is found under the glafs, which has paifed to the 

* From Journal de Phyfique, Mcflidor, An. Xil. 

4. • flalc 
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Jts aftjon on 
poliihed ii’on. 


Is more fulible 
than copper* 


1>oes not quit 
the phofphorus 
without diffi- 
culty. 

Refembles fteel 
in hardnefsy 
grain and coloury 
and does not tar- 
niih by expo- 
fure to the air. 


A fmall quan- 
tity of charcoal 
to be ufed in its 
preparation. 


Red enamel. 


Copper and 
^ phofphorus can 
only be com- 
bined in the dry 
way. 


flat0 of a red enameU in the form of a grey and brilliant ba(- 
too : on weighing it, it is found to have acquired one twelfth 
by this operation. 

If the melted phofphoraled copper falls on a plate of poliihed 
iron. It fpreads itfelf in the form of plates of various configu- 
rations which are iridefcent like the neck of a pigeon. 

Phofphorated copper is much more faiible than red copper: 
it may be often melted under charcoal powder without lofing 
its properties. 

The fame phofphorated copper, expofcd for a long time 
under a muffle, does not feparate from the phofpliorus with- 
out great difficulty. 

The copper thus combined with the phofphorus acquires the 
hardnefs of fteeli of which it has the grain and the colour; 
like it, it is fufceptible of the mofl beautiful poliffi; it is turned 
eafily in the lathe; it does not change in the air: I have for 
fifteen years, kept buttons of poliihed phofphorated copper in 
my laboratory, which have not experienced the lead change. 
The copper does not develope any fmell on being rubbed : if 
it was dudlile it would be of the greatefl utility, fince fat bo- 
dies do not feem to make any iropreffion upon it. 

In the phofphoration of copper there is only a part of the 
animal glafi decompofed: becaufe a fuflicienl quantity of char- 
coal is not employed to convert all the acid into phofphorus; 
but it is neceifary that this (hould be the cafe, that the pbof- 
phorated copper may feparate and colic6l with facility. 

The deep red enamel which is formed in this experiment 
may be advantageoiifly employed for porcelain or the enamels, 
fince it does not dnange colour in the fire. 

Copper cannot combine with phofphorus except in the dry 
way. 'If a cylinder of phofphorus is put into a folution of ni^ 
Irate of copper diluted with four or five thuufand part^of wa- 
teff at the end of eight days the copper will be found in a me- 


tallic form, crydallized and dudtile, forming a cafe for the cy- 
linder of phofphorus. 


Obfirvatiom 
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xin. • ' 

Objhrvatiom on Mr, Gough’s two Letters on Mixed Cafes,* 

To Mr. NICHOLSON. 

SIR, 

IMEy reply to Mr. Gough\^ Hri^Iures being chargeable, it IntroduAioa. 
feeuts, with acrimony and ridicule, and with having but few 
arguments, and thofe in appearance negligently conducted. 

(though the lad charge requires a whole letter to make it 
good); I propofe, in what follows, to* avoid the two former 
of thefe as much as may be, and to be as careful as polllblc in 
conducting rny arguments; fo, that if they appear to Mr. G. 
deflitute of that logical precilion which charafterifes his, he 
may aferibe it to iny inability, and not to any want of incli- 
nation. 

The accurac)^ of Mr. G.’s demonllration in the former let - ObCemtions on 
ter, depends upon that of three phyfical data ; IJl, The fpe- 
cific gravity of azotic gas ; 2d, The fpecilic gravity of oxi- gaflei. 
genous gas ; and, 3d, The quantity of oxigen in a given vo- 
lume of almofpheric air. If any one of thefe be wrong, it 
may prove fatal to his demondration : now^ it unfortunately 
happens that all three arc wrong, and that, when corrected, 
they prove the very reverfe of his propoiition; namely, that 
olmojpherical air is a mechanical mixture of oxigenous and 
azotic gafes, 

Mr. G.’s data are, 

Sp. gravity of azotic gas, .98.) 

oxigenousgas, 1,103 

Quant, of oxigen in almo- ' . 

fphere, per cent, in bulk, 22-25-28, uncertaii\ which. 

* The true, or at lead the mod approximate numbers, are, 

'• ' Sp. gravity of azotic gas, - 

. oxigenous gas, 1.127 

Quant, of oxig. in atmofphere, 
per ccMt. in bulk, - - 21 

Then, per Mr. G.’s theorem, 21 x 1»127 =: 2:1.6G7 
and 79 x .96b = 76.311. 

99.981 

• Set Pages 107, 160, of the prefent Vol. 

The 
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&ferTat$ons cm The fum is lb Gear 100, that Mu G. will not venture to pre« 
Mr. Gough’8 fume any thing on the dilferencej further than that the data 

degree incorre^, which I believe no body 
will difpute with him. 

Mr. G. by this time is ready to query. How do you know 
your data to be more corre6l than mine? 1 will now inform 
him. 

Dr, Prieflley was perhaps ihe firft to invefligate the fpecilic 
gravities of the two gafes in queftion. His method was very 
exceptionable ; but fuch is generally the cafe in the infancy 
of any fcience. (See^Vol, IJ, Page 432, abridg. Ed, qf his 
Nat. Philof.) He found azotic gas as much lighter than 
common air as oxigenous was heavier. Mr. Kir wan Toon 
after gave a much nearer approximation ; namely, the one 
which Mr, G. has adopted. Lavoifier alfo found the fpecilic 
gravity of feveral gafes. (See EUmenls of Chemifliy, Append. 
Table 7). His refults nearly agree with Kirwan^s in regard 
to oxigen, but dilFer confiderably in regard to azote. Laflly, 
Mr. Davy, when invelHgating the compounds of azote and 
oxigen. found it expedient to afeertain with precifion the 
fpecific gravity of the two gafes. Having every means of 
his prcdecelTors, and their refults before him, he ought at 
lead to have decided in regard to the difference between 
them. Accordingly he finds his refults to agree with LavoU 
tier's in refpefl to azote; but he finds the fpecific gravity of 
oxigen foraewhat greater than either of them. (Ste i?c- 
fear dies, pag. 3G3). 

The following table exhibits the refults of all thefc together, 
reduced to the fiandard of atroofpheric air. 


Specific Gravities of 


'■ 

Azotic Gas. 

Atmof. Air. 

> Oxigenous Gas.^ 

According to Priedley, 

.*989 — 

1.000 

— 1.01 i 

Kirwan. 

.985 — 

1.000 

— 1 . 10 .V 

Lavoifier, 

.966 — 

1.000 

— 1.102 

Davy, 

.966 — 

1.000 

— 1.127 


As for Mr. G.’s third datum. 1 think it fcarcely pardonable in 
the prefent day. for any one to pretend to difeufs a quedioii 
concerning the conditution of the atmofphere. under the un- 
certainty whether it contains 22 or 28 per cent, of c^xigen. 
He ought to be acquainted with the hidory of eudiometr)% 
* and 
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^nd to repeat experiments confidered as decifive, erpdcialty 
as they are of a fimple nature. AH the ctiemifls ot Europe 
fcem to be agreed, that either 21 or 22 per cent, in bulk, isgafei. 
the proper number. My own experience gVes 21 for the 
neared integer, which agrees with Mr. Davy^s ii your Journal, 
(quarto Series), Vol. V. page 17.5 : if Mr. G. entertains any 
doubt on the fubjedl, I would refer him to that pjper, and he 
will receive ample fatisfadtion* 

After what has been faid, I think Mr. G. mud le fatis/ied 
that he has virtually demondraled the atmofphere to iie a me- 
chanical mixture of the two gafes : If, however, he dill 
alledge that I only oppofe one authority to another, aid that 
his is as good as mine; then I*wouid recommend hin (o 
fatisfy himfelf as follows: mix 21 parts (or a quantity olgas 
containing 21} of pure oxigen, and 79 of pure azote, to^e« 
ther; after this proceed to the analyiis of the gafes, and exi. 
mine the difference^ between the refults, and thofe done froi\ 
the analyfis of 100 parts of atmofpheric air. 

I cannot conclude this article without obferving, that Mr. G. 
mud have been totally unacquainted with the opinions of chemi- 
cal philolbphcrs on the fubjedl, or he would not have expanded 
into the compafs of five or fix pages a fimple argument, which 
has often been adverted to by others, and is now wholly 
abanrloned as untenable. Mr. Davy, in his Refearches, 
publilhcd in 1800, advocating the notion of almofpherical air 
being a chemical compound, produces four evidences, one of 
which is dated as follows : See Pa^e 326. 

2dly, The difference between the fp. gr. of afmofpiicric 
air, and a mixture of 27 parts oxigen and 7 3 nitrogen, as 
found by calculation ; a difference apparently pwing to cx- 
panGon in confequcnce of combination.’’ In a notp he adds, 

" The two fird evidences havq been often noticed.” This 
gen'ieman however foon after, finding that the atmofphere 
contained only 21 per centm of oxigen, mud have feen that this 
evidence was not to be admitted. Since that time it has not 
been urged by any one to ray knowledge. 

I come next to Mr. G.’s reply at page 160, This at the 
commencement purports to be a defence of the charge, that 
my arguments are but few, and negligently conduced; at the 
conclufion it is afferted to be an anfiser to all nty objections, 
and fomeihing more. This language may be that of logical 
. preciiion 
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prectfion with Air. ,G. ; but it wouM have been more ir,(etli« 
giUe td.me if he |^ad fialed tiie otgefis orhi<i reply thus : 

1ft, A refutati^ of Mr. D.’s arguments in favour of his 
fyflcin. 

I r to bts objedions brought againll mine. 
:£lions to his lyflem. 

worthy of notice is the objedion to my ar-* 
nutual penetrability of gafes. 1 have alTumed 
takeA tzvo, and the latter of them is erro- 
that ail gafes art porous. It is true^ I have 
dates into the argument, without exprefsly 
the former being peculiar to my theory, was 
iided in a formal way ; the latter being the 
rience, and never in any one inftance having 
iail, I thought it might tacitly be atTumed. 
idgment of philofophers mufi be fufpended on 
• G. it feems, is about to prove that no gas 
at a cubic foot of one gas cannot be put into a 
^ occupied by another gm, Mr. G. furely 

/cannot be ferious in this objection ; but merely ufes it to gain 
time, and means to turn it off with a laugh, that he has at 
leafi produced one Jldid argument againft my airy liypo« 
tbefis. 

Mr. G. finds it extremely convenient for his purpofe, that 
I lliould grant him the following poflulate: *' If a particle of 
vapour can pafs freely through the air, a fecond can alfo fuc- 
cecd it at any given diflance.’’ I certainly cannot concede 
ib indefinite a demand ; but it will perhaps be of equal ufe to 
him to have the following ; If d be the diflancc of two par- 
ticles of vapour of the temperature of 212*’, and preflure 30 
inches ; then,' at the temperature of 60^ or upwards, if one 
particle of vapour can pafs freely through the air, a fecond 
may fucceed it at any diflancc greater than 4 d. 

As for the important argument which 1 conCder equivalent 
to a demonflration of the nature of vapour, and of its relaiioii 
to gafes, and entirely inimical to the nation of chemical affi- 
nity, ^Mr. G. has not ventured to jcvive it: Probably he has 
fomelhing jii referve on this head. I mean the argument de- 
rived from the fa6l, (hat a vacuum, or any kind of air of 
any deufity whatever, takes up jufl (he fame quantity of any 
vapour. 
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Tfee })ropofltion rerpeding the mechanical afiion of air on 
the furface of water, will be anfwered by Mr. O. when he ouiuMd 
has proved that otr has m poret, or no capacity for the re-pitb. 
ceptioH qf water. For, nothing can be more clear than that, 
whatever may be the prelTare of the atmofphere, and how^* 
ever few the points of its a^ion, water cannot be forced into 
the pores of air, if it have none. 

Mr. G. proceeds to ftate two new fa6ts, which are faid to 
be inexplicable on my principles : I muft undertake the ar^ 
duous talk. The fa£ls are, Air containing aqueous va- 
pour is fpecifically lighter than air without it, cateris paribut; 
and, 2d, A bottle internally moid, containing air, being heaU 
ed, more air is expelled than if* the bottle had been dry. 

Both granted. — Now for the explication. The fpecific gra- 
vity of aqueous vapour has been found by De SautTure, Watt, 
and others, to be about f or | of that of atmofpheric air in 
like circumAances ; by fome experiments of my own I am 
induced to think it is nearly .7, that of air being 1. Let the 
tetnperature be 64^, and the air be Ailed with vapour as much 
as poflible in the temperature, in which cafe of the elaftic 
force will be due to the vapour. (See MancL Mem. Vol. K. 

P. 2, page 559 ] ; then, by the theorem fo elaborately exem- 


plified in Mr. G.'s former letters, we have 


49x l + lX.7 
50 


49.7 

r= .994, for the fpecific gravity of common air filled with 

vapour at 64^, when that of dry air of the fame temperature 
would be I . Thus it appears that my hypothefis not only ex- 
plains the fad of diminithed fpecific gravity, but accounts for 
the quantity of diminution. Can Mr. Gi’s theory of chemical 
folution do this ? 

^ In the fecond cafe we find heat generating vapour, which 
incre^fing in quantity and force with the temperature, diRufes 
itf^f through the air in the bottle ; the band being occafionally 
removed from the mouth, fufiered the extra-portion of air 
and vapour to fiart out ; juft as if there had been a generation 
of a like portion of oxigen, or any other permanent gas, in- 
ftead of the vapour ; in which cafe a portion of both does 
certainly efcape. Mr. G. finds the vapour generated this 
way between 59 and 126®, to be rather lefs than ^ of at- 
VoL. IX.— December, 1804. . T mofpberic 
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Obfl^vationson mofpheric force ; it ought to be juft 4 by the tabic Above 
Mr. Gough's jcfcrred to. But it is obvious, that by removing the hand 
garcb, occafionally, the full quantity of vapour for any temperature 

«ould never be obtained in this way, no more than pure oxigen 
•could be procured in the bottle by a (imilar procefs. The 
grand queftion with Mr. G. however, is. How does vapour 
of half an inch force, expand the pores of air fubjc6l to 30 
inches of prelTure ? And his anfwer feems to be, it is impoftible, 
according to the axioms of dynamics. This queftion is what 
1 fliali now conftder. 

Having myfelf ftudied the principles of dynamics, as well 
as thofe of many other mathematical and phyfical fciences, 
under the tuition of Mr. Gough, I feel under ftrong obliga- 
tion to him ; but Ihefe, he vsdll readily grant, do not bind 
me to fubferibe to his opinions, when 1 cannot perceive them 
to be well founded. He charges me, in the prefent inftance, 
with a miftake in regard to dynamics ; but he has not pointed 
out any particular axiom which I have oifended : The miftake, 
1 think, is with him, and fliall endeavour, in wimt follows, 

• to point it ouU 

It is a principle in dynamics, that whenever a fyftcm of 
'bodies aft upor each other, and are in a ftale of equilibrium, 
the leafi fori:e Imprefled upon any one difturbs the equilibrium. 
Thus, the oi can and the air, though bound to the earth by 
Its fuperior atUaflion, are ncverlhelefs difUubccl by the feebler 
juflucncc of ihe moon. Air in a bottle is a fyftem of particles 
at equal diflances repelling each other, big in equilibrium by 
the gravity of the incumbent atmofphere ; confequently the 
Icajl force impretred upon them muft difturb that equilibrium. 
•Now, ejt' hypotheji, air does not repel vapour at a diftance, 
but onlyjn contafl; therefore vapour can be formed in fuch 
a fyftem : when once formed, it meets with no elaftic refift- 
ance or repulfion but from particles of its own kind ; there- 
fore it is conftantly tending outwards, where the particles of 
its own kind are leaft denfe ; in its way it infringes upon par- 
ticles of air, and exerts fuch force as it is capable of upon 
them : a number of particles of air are thus gently propelled 
in the direflion of the ftream, and the reft of the fyftem are 
obliged to accommodate (hemfelves in order to prefer ve the 
‘equilibrium : thus the diftances of the particles of air are gra- 

• 4 • dually 
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dv^Ily increafed, and that in proportion to the force Ivtiich 
the vapour exerts. Therefore vapour of the lead poffible force* 
can, in fuch circum/lances, extend the pores of air* Q. E. D« 

I remain your’s. 


Mancliefter, Nov, 13, 18 04-. 


J. DALTON. 




XIV. 

• So7ne Account of a Condenfer of Forces, or a Method of obtain- 

ing the greateft pojjible Effed from a frjl Mover, of which tfte 
Energy Is fitbjtci to IncTcaJi\or Diminution within certain 
Limits ; and in general to vary at Pleafure the Hcfiftance to 
xMch the Effort of the firft Mover forms an Equilibrium in 
tiny Machine whatever , without changing any Part qf the Con- 
JiruSiion, By R. Prony.* 

The problem of mechanics, of which the folution is here Problems I 
given, is one of the fmall number of thofe whichi leading 
rcfulls independent of the particular mechantfm of the ma- 
chine to which thc'y are applied, prefent, in (heir folution, a 
generality which may be compared with that of the rational 
mechanics, or analyfis. 

It may be enunciated in the following terms : 

Any machine being conftru6led, to find, without making enunciated, 
any change in the condrufliun, a means of lianfmilting to it 
the adion of the firft mover, by fulfilling tlie foIJowmg con- 
ditions ; viz, 

*' 1. That it maybe poffible at plvafure, and with great Condi uomi 
fpeed and facility, to vary the refiftance (againfl which ilie 
effort of the firft mover niuft continually make an»equi!ibrium) 
in limits of any leqnired extent. 

* 2. That tlie refiftance being once regulated, ftiall be ri- 
goroutly conftanl until the moment when it is thought proper 
to increafe or diiiiinifti the (ame. 

- 3. That in the moft fudden variations of w hich the effort 

of the firft mover may be capable, the variation in velocity of 
the machine fliall never undergo a folution of coiuirmily,’* 

♦ From the Bulletin of the Philomatliic Society at Pan's, 

No. 83. 
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Solutiog exh!«> 1 (hall here apply the folution which 1 have difcoverecl of 
gln^ problem, to the dynamic effed of wind ; it will be eafy 

to make the fame general when the other hrll movers are ufed. 
Problem in dy- The fediion and plan of the machine are exhibited in Plates 
pofe rconftM?*^^' reprefenls the vertical arbor to which 
weight to a va- windmill fails are adapted ; ecceh an alTemblage of carpen- 
m?ve/*^afid which one of the radii O e, bears a curved piece b d, 

tranfmit the of iron Of (leel : Vertical axes of rotation a a a, being placed 

force, &c. round the axis O O, alfo divide the circumference in which 

they are found into equal parts. 

Each of thefe axes carries a curve af, of iron, fteel, or 
copper ; fo fituated, that when the wind adts upon the fails, 
the curve b d prefles againtl one of the curves af, and caufes 
the vertical axis to which this lad curve is hxed, to make a 
portion of a revolution. 

The curves b d and af mufl be fo difpofed, that when b d 
ceafes to prefs on one of the curves af, it fhall at the fame 
indant begin to adi upon the following curve : the number of 
axes which are provided with (hefe curves, mud be deter- 
mined by the particular circumdances of each cafe ; and it 
is alfo pradlicable to fubditute, indead of b d, a portion of a 
toothed wheel having its centre in the axis O O, and to place 
portions of pinions indead of the curves af, but the difpofi- 
tions reprefeuted in the figure are preferable. 

Each of the axes aaaa (which are all fitted up alike, 
though, for the fake of clearnefs, only one of them lias iit 
apparatus reprefer;led in the drawing), each of thefe carries 
a drum or pulley Urr, on which is wound a cord that pafles 
over a pulley jf, and ferves to i'upport a weight Q by means 
of the lever F Gi upok\ which this weight may be Hided and 
fadened at didetent didances from the point of motion G. 

The fame axes a a pafs through the pinions q q, to which 
they are not fixed ; but thefe pitiions carry clicks or ratchetts, 
which bear againd the teeth rr ; fo that, when the weight Q' 
tends to rife, the ratchett gives way, and no other effedl is 
produced on the pinion qq, either by the motion of the axis 
or of the drum t trr, excepting that which caufes the afeent 
of the weight q q. But the indant that the curve or tot^h b d 
ceafes to bear againd one of the curves af, after having 
caufed the correfponding weight Q to rife, that weight Q 
tgnds to redefeend, and then the toothed wheel r rafts againd 

the 
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the tatchettf fo that Q cannot defcend without turning the PijpbJem \t 
pinion q q along with the drum itrr. 

ine pinion 9 9 lakes in the wheel ah, from the motion of weight loave- 
which the ufeful effed of the machine immediately refulU ; fo "***** . 

that the eifea of the defcent of one of the weights Q, is toSTnfmit^e 
folicit the wheel A B to motion^ or to continue the motion 
in concurrence with all the other weights Q, which defcend 
at the fame time. This wheel A B carries beneath it oblique 
or bevelled teeth G D, which take in a like wheel C E, and 
caufe the buckets at S to rife. 

The alternation in the motion of thefe buckets may be ef- 
fefled by the mechanifm I have defcribed in the firft volume 
of the Memoirs of the Inflitute. 

From the preceding defcriplion it is feen that the machine, 
being fuppotbd to ftart from a ftale of repofe, the wind will 
at firft raife a number of weights Q, fufficient to put the ma- 
chine into motion,, and will continue to raife new weights 
while thofe before raifed are fallen; fo that the motion once 
impretfed will be conliiuicd. 

Among the numerous advantages of this new mecbaiufm wc 
may remark the following : 

1. No violent fliock can take place in any part of the me* 
chanifm. 

2. The ufeful efle^l being proportioned to the number of 
weights Q, which defcenc) at the fame timei this efie6t will 
increafe in proportion as the wind becomes ftronger, and 
caufes the fails to turn with more velocity. 

3. The weights Q being moveable along the levers F G, 
it will always be very eafy to place them in fuch a manner 
as to obtain that ratio of the effort of fhe hrfl, mover to the 
refiflance, as fliall produce (he maximum of effedl*^ 

4. From this property it rqfults, that advantage may be 
t^k m of the weakefl breezes of wind, and to obtain a certain 
product in circumflances under which all other windmills are 
in a fiate of abrolule inadlivity : this advantage is of great 
importance, particularly with regard to agriculture : the wind- 
mills employed for watering lands are fometimes inadlive for 
f'everal days, and this inconvenience is more particularly felt 
in limes of drought. A machine capable of moving with the 
flightefl breeze, mufl therefore offer the mud valuable ad- 
vantages. 


1 fliall 
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I (Hall give a more ample account of this apparatus it. a 
memo'll which I fliall prefent to the Inilitute, as foon as the 
machine which 1 am now ere6iing in the country fhali be 
completed. * 


XV. 

jlhJlraSt of a Memoir on the Poffibilitif of obtaining Prvjffiatc of 
Potajlifree from Iron; the U naltcr ability of the Pntfftc Acid 
at hi^h Temperatures ; and the true Nature of the Comhina- 
tions of this Acid with different Bafts A By Buc ho LZi. 

Uiirity and ad- . The combination of pruflicacid with falefiable bafes, forms 
firconjpounds.^' ^ greaiefi utility to the analytical chemitl ; 

for by means of them he is not only enabled to alcertain 
w'hether a metallic fubilance be prefent in any folution which 
Jorms the fubjefl of his retearch, but alfo what rnetal is pre- 
feiit, as well as its refpedlive (juantily. But in order to be 
accuraie in this refpe6t, the re-agent employed mud itfelf be 
fie'.‘ ft n metallic admixture; or the quantity and nature of 
the metal it coiuaiiis mud at lead be known. To accomplidi 
this, clieimds have hitherto labouied in vain. To remedy 
thefe delects, Mr. Bucholz has inditiited a number of expe- 
riments which led to tacts hitherto unknown ; and as they are 
highly important, we diall exhibit the rclults of the pnncipal 
ones, which are as follows ; 

* The praffical mccha^nic may perhaps find it an advantage to he 
infoirned, that tljie whole 'effort of a firft mover cannot be tranf- 
mirted by this, or any other method of raifing weights, in order to 
operate by their fall. If the wind had been employed to raife a 
maximum of weight through a given fpace in a given time, this 
weight would be lefs than would continue in rquilibrio at red againfl 
the fame force, as is well known ; and if this weight be again em- 
ployed in like manner to laife another maximum of weight, this 
alfo will be lefs than the former, &c. For this realon it is that the 
fly has been ufed as an equalizer of deam-cnglnts, in preference to 
the older method of railing watei and fuffeiing it to defeend on an 
overfliot wheel. W. N. 

f Abridged from a memoir in Gehlen’s new Journal of Chemif- 
try, Vol. 1. Part IV. Page 406, by — A. 
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1 .^Pruflic acid can only be formed during (he carboniza- Pruffic ac»d ]• 
tion of blood or animal matter, at a red heat : We, therefore^ ** 

need not be afraid of boating the mixture of blood and alkali, 
in the preparation of prudiated alkalies, to incandefccnce. 

2. The affinity of pruffic acid with alkalies is greater at Its affinity with 
high temperatures, and in the dry way, than at low tempera- 

tures, and in the humid way. 

This obfervation diftinguiffics pruffic acid from the reft of All other vege- 
the fb called animal and vegetable acids, and their combina- byTg- 

tions with alkaline bafes ; for all of (hem are dellroyed at a iution. 
red heat. Hence it is obvious, 

3. Tlmt in the preparation of pruffialed alkalies, the pre-Watn fliouW be 

fence of water flioiild be avoided js much as poffible. avoided. 

k Tliediredl combination of pruffic acid with alkalies, can- P. .md mJ altc. 
not bg accompiifficd, 

6. Pure prudiated alkalies are decompofabic by the affiifion P. iirufliatcd alk« 
of water; part of the prudic acid efcapes, and may catily be 
recognifed by the (Aioiir of bitter almonds, and frequently alfo 

by that of ammonia. 

b'. The conrblnatton of prudic acid with alkalies can only P. acid does not 
be dieted at all temperatures up to a red-heat, by the interpofi- Jim 
tion of a portion of oxide of iron ; and the affinities confiding temp, but by 
between the pruffic acid and alkali, arc retained with a greater ^ iron# 

force in tlic Iiumid way, in the ratio of the ponderable quau* 
tily of iron prefent, 

7. All the precipitates obtained in chemical analyfis by Common pruf- 
means of pruffialed alkalies prepared in the ufual 

ncr, contain more or 1 efs iron, without exception; whereas iron; pme p. 
the tame precijiitatcs, produced by the adion of abfolutely dilUicwt 
pure prudjates, are tree from that metal, and of a ditTerent 
colour than the foinicr, • 

8. The affinity of oxide of iron to charcoal, is more power- Mnft of the 

ful than the joint allradlion ol •pruffic acid and potaffi to that pruient le- 
nJBltl; hence we always find lhat ihe grealell quantity “• '^".eVp. 

that metal remains behind with ihe charcoal, in the ufual aik/u made* 


procefs for obtaining pruffiate of potadi. 

9. The preci|)itabilily of the oxides of metals by prudiated 
alkalies, is in the ratio of liieir oxHlabiiily, or quantity ot cip byp. alk. in 
oxigcntheyconlain. 

Such are the obfervalions of this chemift. Other lets in- 


tcrefling fa6ts will be omitted in Ihe prefent aldra^. 

lixpet imcntul 
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* iafenmental Enquiries concerning the heft Method of preparing 

Pruffiate qf Potajh free from Iron, 

Prepvition of Jour oz, dried blood were intimately mixt with a rdution 
fcaJ^pure. * ^ potafli (containing one ounce of potafli), then evaporated 
Lew igmum of to dry nefs, ignited to rednefs, till no more flame undulated 
pou1hl**aiid fo- furface of the ignited mafs. The ignited mafs wa« 

lution by water* diffufed through fix ounces of water, and the folution filtered* 
The filtered fluid was colourlefs, it contained an excefs of 
' alkalis and emitted a firong odour of bitter almonds. It 
yielded, on being evaporated as expeditioufly as poflible, a 
faline mafs, confiding of a mixture of prufliate and fub-car- 
bonate of potafh. In order to feparate thefe two falls, one 
drachm of the faline mafs was introduced into a vial con* 
taining a mixture of half an ounce of highly concentrated 
wii^ace ^ drachm of acetic acid, of 1,056 fpec. grav. 

tic acid and alco- O” agitating the fluid no fenfible eflTervefcence took place, 
boh but much pruffic acid was difengaged; a proof the pruflic 

acid was retained with a lefs affinity by the alkali than the 
carbonic acid. On examining the refidue, which had been 
treated with acetic acid and alcohol, it was found to contain 
only a fmall portion of prufliated alkali. 

Very little pruf- From this experiment we learn, that one part of potafli 
^pwable^from cannot be converted into prufliate of potafli, by being heated 
the carbonate by to rednefs with four of blood ; and that the quantity of either 
thofe agents. carbonated alkali, under thefe circum fiances, can- 

not be feparated from the pruffiated potafh by means of 
acetic acid and alcohol. 

Ltfs of blood In order to learn if a lefs quantity of blood would not be 
in^thc^ignition advantageous for the production of pure prufliate of 

potafli, four (funces of dried blood, and two of carbonate of 
potafli, ws^e heated to rednefs in a crucible till no more flame 
appeared. On covering the mixture willi charcoal powder. 
Great evdiutioii and again heating it, a prodigious evolution of ammonia took 
of ammonia. place; a phenomenon I do not venture to explain. The 

mafs, after having been diffufed through water, filtered and 
evaporated* yielded a crop of cryflals, confifiing of prufliate 
and fub-carbonate of potalb, the former predominating con- 
fiderably. 

The fubcarbon- Qn fubjeCting this mixture of falls to the joint aClion of 
not^fcpanSf'by acetic acid and alcohol, it was found impoffible to feparate 

sicoboi and the pruffiatc of potafh from the fub..carbonate, 
acetic scid. 
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Being thus perfuaded that a lefs quantity of blood was not BlMd and alfcal^ 
more advantageous for forming pure pnifBate of potafli, I 
again mingled two ounces of dried blood with one of carbon- iy igniud tor ^ 
ate of potafh: this mixture was treated as before, wilh the 
exception that the mafs, after the flame had entirely difap- 
pearedi was ftrongly ignited for three quarters of an hour. 

The obtained mafs, after refrigeration, weighed nine drachms, 

Digefted cold with four ounces of water, and filtered and 
evaporated, it afforded a dark coloured fluid. On dropping The fluid offo- 

into a confiderable quantity of muriatic acid, no blue, but a 

L-. II . .. L . r, . . . «nd Lonuincd 

white precipitate fell down, which was inroluble in muriatic fome iron, 

acid : Acetic acid occafioned no change in this dark-coloured 
fluid ; and on mingling it with Ailphuric acid, and evapo- 
rating the mixture to drynefs, and re-ditfolving the rnafs in 
water, it yielded a fmall quantity of prufHan blue ; a proof 
that iron was prefent'in this fluid. 

The quantity of jiron being very fmall, but the colour of 
(he fluid very dark when compared with thofe of the former 
procefTes, it was natural to fuppofe, that the colouring- 
matter could not be attributed to the minute quantity of iron 
prefent, but that perhaps a portion of charcoal was diffolved 
in the fluid : to inveftigate which the following experiments 
were inflituted : 

A like quantity and like proportions of blood and carbonate Repetition of th« 
of pofafli, as dated laft, were gradually healed to »ncandef- 
cence, and the Are gradually augmented, unlil ike maji began maCs, 
to fufe on the lides of the crucible. The mafs, after having 
been diflufed through water and filtered, yielded a much 
darker-coloured fluid, which, when mingled with muriatic 
acid, yielded a pearl-coloured precipitatfl. After being mixt 
with muriatic or fulphuric acid, evaporated and rediffolved 
in water, it afforded a confiderable quantity of oxidfc of iron; 
a proof that the union of the prutfic acid wilh polalh is perma- The pruffic sci4 
nent at very high temperatures, but that this combination, 
under fuch circumftances, exercifes a flrong action upon the high temp. »ild^ 
oxide of iron contained in the blood. 

Thefe fads were proved by repealing this experiment,* but 
taking care to expofe the mafs to a fomewliat lefs degree of up by kh hiut. 
heal. The fluid now obtained was lefs coloured, and yielded 
lefs oxide of iron. 

This 
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Eiperiulieftts 
with pure alJuIi 


Low heat pro- 
duced little com< 
bination of p. 
acid and the al- 
kali. 


Exp. to deter- 
mine the propor- 
tions of caibon- 
ate and blood re- 
qiiifitc to pro- 
duce the pruili- 
ate, dec. 

The experi- 
ments wicli low 
heat. 

4 oe. blood and 
1 alk. carb. 


Produfl very 
little. 

2 oz. blood, 

I carb. alk. 
low heat. 
Product not in- 
creofed. 


This being proved, the author varied his experiii^eni[s, fo 
* as to be thoroughly convinced of the fads. He alfo endea- 
voured to afeertain, whether alkalies, freed from carbonic 
acid, were better calculated for the produ£lion of prufliated 
alkali ; mid, if poffible, to find out the proper proportions of 
ingredients for obtaining this fait. With that view,, a quan- 
tity of folution of potafli, containing one ounce of alkali freed 
from carbonic acid, was mixt with three ounces of blood, 
and evaporated to drynefs. (It was of a colophony colour, 
folttblc in water, and emitted, on being heated, a very firong 
odour of ammonia). On being transferred into a crucible, 
'and gradually healed till no more flame appeared, and dilfufed 
through four ounces of water, it yielded a Impid fluid, of 
a flrong alkaline tafle^ and odour of bitter almonds. The 
ufual experiments pioved, that it contained comparatively 
little prufliated alkali, but a large quantity of carbonate of 
potafli. 

Being thus convinced that this experiment proved fruitlcfs, 

' it was deemed neceflary to afeertain the refpedtive quantity 
.of oxide of iron contained in tiie prufliated alkali, that might 
be produced from a given quantity of blood and carbonate of 
potafli. 

With that view, four ounces of dried blood were mixt with 
a folution of caibonate of potafli, containing one ounce of 
carbonated alkali : the mixture, aflcT being evaporated to 
drynefs, was heated till the flame ceafecl to appear. It now, 
weighed oa. On being clixivialed uilh eight ounces of 
water, it aflForded a fluid ot a very pale* yellow ifli brown, or 
wine colour: Its tafle was alkaline, mixt with that of bitter 
almonds. Two drad.mis of water mixt with 20 drops of a 
concentrated folution of muriate of iron, when decoin pofed 
by this prdflial^d alkali, atTorded four grains of pruflian blue, 
flript from the adhering oxide''of iron by muriatic acid. 

Two ounces of dried blood and one of carbonate of potafh, 
treated in a (imilar manner, yielded, by being mingled willi 
a like quantity of muriate of iron, ^ grains of pure pruilis^n, 
blue, 

(The Uemainder in our next.) 
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Obfcroatiom on the Caufe which augments the Intenjity of the 
Sound in Speaking Trumpets, Bjf ], H. Hassenfkatz 

A.LTHOUGH the fpeaking-trumpet is an intlrumcnt which Antiquity of th« 
has been long known« fince Kirchcr is of opinion that Alen- trum- 

ander ufed it to command his army^ and Solard made one in 
Paris> in 165^^ from the defcription which Kircher had given 
of that of Alexander, it was not, however, until Uwl, when 
Morland made known that which he had contlrudtcd, and in- MorlandS. 
vited men of fcience to determine Uae figure mofl proper lor 
this intlrument, that the fpeaking-trumpet was really known 
among us, and began to be ufed. 

It appears that Morland did not adopt the conical form ter- 
minated by a mouth piece, which he gave to the fpeaking trum- 
pets of glafs, iron and copper, he made until aftci a fucceflion 
of trials on the bcQ form to be given to them, lo make them 
produce articulate founds. 

It alfo appears that it was without knowing it, and by chance, CafTcgialu^, 
that Calfegrain gave the fpeaking trumpet, which he made in 
167^, the hyperboloidal Ibrm lii (1 noticed by Sturm. 

Until 1719, when Halfe publidied a ditfertmion on the im- Were at fuft 
provement of fpeaking trumpets, this inflrunient was ^on- 
llrufted without principles; tor we neither can nor ought to principle;,, 
confider a.^ principle, the harmonic proportion mentioned by 
Calfegrain as being neceffary between the length and the width 
of the lubes of fpeaking trumpets, « 

The law of the refledtiun of found in echoes, led Hulfe to HalTe’s theory 
apply tlie theory of catoptrics lo fpeaking trumjffets, wid in- 
duced him to coniider the couibination of the ellipfotdal and intmftty of 
paraboloidal forms as the moll advantageous fur this infrrument : 
but this union not producing the effect which the profelfor of 
Wirtemberg had hoped tor, it was abandoned, and in conform- 
ity with his opinion, the augmcntalion in the intentity of the 
found continued lo be conlidered as fhe produft ot the rellec- 
t lion of the fonorous rays in the fpeaking trumpet, and of the 
vibration of the fubllancc of which it was.compored. It was 
for this reafon that, in the fabrication of thefe indrumcnls, the 

•From Annales de Chirale, Praireab An. XIT. 

* attention 
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r> attention was direfted to having a hard, efaftic and thki Tub* 

fiance, that it might vibrate in unifon with all the tones, and 
refieft the fonorous rays which firuck it in all dirediions. 
Limbcrt’s In 1763, Lambert withdrew from the theory of fpeaking 

vfbration injures vibration of the materials of which they are com- 
the arcicuiation pofed ; he Oiowed that the vibration of the (ides which is cal- 
ef the founds, culated to augment the intenfity of a long continued found, 
would render articulate founds confufed, which mufi focceed 
each other rapidly ; that in this cafe therefore it would be ne< 
cefTary to fpeak extremely (Idw, and that, even by fpeaking 
(lowly, it would be impofiible to difiinguifh the confonants, 
which are only momentary modifications of the vowels; that 
the latter, pronounced in^he trumpet, would be fo fonorous, 
that the confonants mufi be gucfied at, wiiich would be cx- 
Speaking trum- tremely difilcult. By fprinkling liie exterior furfacc of a tin 

faw-duft, I fatisfied myfelf that the 
equally ftrong furface vibrated in fome circumfiances, but I was equally fa- 
when the vibra- tisfied, on covering the outfide of the trumpet with a fofl loofe 
(lufi* to fiop and obfirudl its vibrations, that the intenfity ot 
the found was no lefs firong, in this fecond cafe, and, that 
thus the vibration of the fubfiance of the trumpet was, at leafi, 
ufelefs, if it was not injurious to the diftinflnefs of articula^d 
founds. 

In his memoir, publidied among tliofe of the Academy of 
Berlin, for the year 17(}3, Lambert has attributed all the aug- 
mentation of the intenfity which the found experiences by 
fpeaking into a trumpet, to the rcfletlion of the fonorous rays 
on the fmooth and polilhed furface of the interior of this infiru- 
nient; he fays that, of all the forms, that befi calculated to 
concentrate the found by reflefling it, and the moft eafy to 
Proportions of aeon firucl, is the conic form; he afterwards fliows that the 
found is rtrengthened in conical fpeaking trumpets, in the pro- 
portion of double the length of the cone which forms the, trum- 
pet to double the fize of half the angle at the fummit of the 
cone, fuppoiing the length of the cone to be equal to the ra- 
dius, If the angle of the cone is made = the found is 
firengthened in the proportion ^2 : 2 (fin. | ^). 

Seeking, from ihefe formulae, to difeover what would be 
the bed proportions to give to conical fpeaking trumpets, he 
found that whatever the angle of the fummit of the cone was, 
its bafe mufi be equal to the diftance between the fummit of 

the 
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the€oi)ie and the mouth of and that its length mod be equal ^ ' 

^0 the diameter of the mouth, divided by four times the fquare 

of the fine of half the angle of the cone: that thus in a trum* 

pet of fix feet in length, the angle of the cone mud be 16^ 17, 

and that fuch a fpeaking-trumpet would make the found 96 

times more intenfe. 

Lambert therefore, as well as thofe who have preceded him, 
confidered the augmentation of the intend ty of the found in 
fpeaking trumpets, as the refult of the a£lion of the reflection 
of the fonorous rays againd the interior ddes of the tndrument. 

It would appear that dnee Lambert’s memoir, fpeaking Thefe inflni- 

trumpets have been made ufe ofi without attending to tiic **ave itt- 
* ® tcriy been con* 

canfes w'hich augment the intendtyof the found, and, in faCl, ftruAra without 

it is feen that in all works in which this indrument is fpoken of, |o the 

its effeCls are attributed either to reflection alone, or to reflec- incrrkft or' 
tion combined with the vibration of the fubdance of which it l(>und. 
is formed. 

If we compare the theory of fpeaking trumpets with that of Theory of fpetk^ 
the indrumeiits which have fome refemblance to it, fuch a'* 
trumpets and hunting horns, we mud bealloniflied to 5nd ihaimencs. 
they are referred to different principle®. In the fpeaking trum- 
pet, the caufe is attributed to the reflection of the found; in 
the other indruments to the vibration of the air contained in the 
tube. Why thefe two caufes, wliile the effeCls are analogous? 

This analogy has led me to inquire if, in reality, the reflection Does refleftMw 
produced the augmentation of the intendty of articulation 
horns and acoudlc tubes, as well as in fpeaking-trumpets, as is found ? 
generally believed. 

On examining the ears of animals, it is feen that the greaU Animals do not 
ed number have an exterior auricle, which* mod of them fledtion of* 
red towards the place from which the found proceeds; this found, 
auricle being, in many animals, covered inwrardly wifii hair, 
which dops and hinders the refledion of the found, it is rea- 
fpiial^le^to conclude that it is not by reflection that the found is 
tranfmitted into the ear. 

When afterwards we obferve the form given toacoudic horns, Car-trumpeta 
'which is that of a cone, the fummit of which, Uighlly trun- 
- cated, is placed in the ear, we are quickly led to conclude that refleaies. 
the found is not tranfmitted by reflection ; for the angle of the 
incident ray being increafed at each reflection by that of the 
cone, after a number of determinate reflections, the angle 

would 
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Mo’^ns of a 
paraboloid form 
liifufcd. 


Cylindrical 
acouflic tubes 
tranl'mit found 
without re- 
flection to a 
jgreat difl^ancc. 


According to 
the theory of 
refledinn the 
enlarged part 
(pavillion) is of 
no ofe. 


woold become larger than a right angle, and the ray vifiuld re** 
turn upon itfelf* Thus the greateft number of the rays would 
•iiTue out of the mouth, after being feveral times refledled, and 
tlie quantity of the rays which thus reach the ear, and which 
are proportionalby lefs numerous as the cone is longer^ cannot 
fenfibly augment the intenfity of the found. Neverthelefs, 
acouftic horns do (Irengthen the found coniiderably ; this aug- 
mentation mufl therefore depend on another caufe. 

It has been propofed to make horns of a paraboloidal form, as 
being bed calculated to (ranfmit found by refledlion ; but whe- 
ther they did not produce the cfTeft which was expected fiom 
them, or diat they were too difficult to con(lru61, thefe horns 
have been abandoned, Vind none but conic horns are made 
ufe of. 

The acoudic tubes employed to tranfmit the found to great 
diflances, fo that it cannot be heard by perfons placed between 
the two extreme points, are ufually formed of cylinders, which 
ferve to condu£l the found. . Lambert had already dated that 
reflexion did not incrcafe the intenfity of found in cylinders, 
becaufe w'liatever might be the direftion of the incident rays, 
being conilantly reflcdted between two parallels, the angle 
which they form with the axis of tlie cylinder muff be the fame 
at entering and quitting it; that thus the found mufl experi- 
ence a diminution at its ifTue, which will be fo much the greater 
as the number of reflexions is more confiderable. Never- 
thelefs the found is tranfmitted to a great diflance by means of 
thefe tubes, and 1 have afeertained that the beating of my 
watch, which ccafes to be audible at the diflance of 1®, 10, 
the medium of feven experiments (A), is heard at the dif- 
tance of 2® 25, the mean diflance of fevon experiments (A ) 
when I place it in the mouth of a pafleboard tube, 0®. 038 in 
diameter and 0® . in length wlience it follows that this Uanf* 
miflion mufl proceed from another caufe. 

All thefe confi derations have therefore induced me to ex- 
amine the effeXs of the fpeaking trumpet with the greatcfl 
care. It follows from the theory of the refleXion of found, 
applied by Lambert to the fpeaking trumpet, that the opening 
by which it is ufually terminated, fhould be at lead ufelefs, if 
not injurious, for it has no influence on the concentration of 
the refleXed rays ; and therefore this gentleman propofed to 
lay it afide entirely. The analogy of form between the trum- 

pel 
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- pet |nd the fpeaking trumpet not being a fiifficient reafon for 
retaining it^ it is probable that it would have been laid aAde, 
in the fame manner as the contour of the trumpet was aban-> 
doned, when the form and dimeniion’^ moH fuilable to thift in- 
Arument were fought for by experimental trial-?. There would 
alfo have been another inducement todifpcnie with il, becaule 
HafTe had already omitted it in the fpeaking trumpet which 
he indicated as preferable to thofe of Morland and Catfegrain. 

I afcertained by experiment that two fpeaking trumpets of the Which la con- 

fame length and the fame diameter produced dilierent effe£t^ cxpeii- 

when they were terminated by an enlarged aperture or not, 

and that in genera] this enlargement coniiderably increafed (he 

intenfily of the found. The beating of my watch which 1 

heard at 2, the mean diftance of feven experiments (a) 

by placing it at the mouth of a fpeaking trumpet of 6 long 

and 0”^. 38, mean diameter of the tube, was not heard beyond 

2™. 25, mean diflance of feven experiments (a) when I placed 

it in a lube of the fame length and the fame diameter. Thus 

the caufe which occalions this aperture to flrengthen the fooncr 

is different from the retledlion of the fonort^us rays. 

Since the reflection of found does not in any manner concen- This U further 
trate the fonorous ravs in a cvlindrical tube, it muft follow, as by the 
Lambert has concluded in his Theory of Reflexion, that fpeak- augmented tn 
ing trumpets with cylindrical tubes (liould not fenfibly augment 
•the found. To prove whether experiment agreed with this §rlcaUubcsV*ai* 
theory, I immediately conltrudted a fpCaking trumpet, with a ft‘ongly as in 
cylindrical tube of 0“. 36*, the lengtli of the cylinder, 0*. 25, 
the length of the enlarged part. O'*. 033, the diameter of the 
cylinder, and 0"*. 190, the grea left diameter of the enlarged 
part, and, by com pairing the intenfity o4* the found which it 
produced, with that ol a conical fpeaking trumpet of the fame 
height, and of a fimilar mean diameter, 1 afcertained that (Ire 
Rren^h of the found was fenlibly the fame. In both, (he beaU 
in^ot my watch, which I did not hear in the open air beyond 
I**. 08, mean diitance of five experiments (b) wRs heard at 
3“. 94, mean didance of five experiments (b) when I placed 
it at the mouth of either fpeaking trumpet. Since thc,cyliii- 
drical fpeaking trumpet drenglhens tlie found in the fame man- 
4 ier as that which is conical, and (ince, on the contrary, the 
theory of refledlion (liows that it tliould not be ftrenglhened, 
it follows that the augmentation of found in thefe inftrumenls 
arifes from a caufe dilfcreiit from rededlion. 

One 
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SPEAKIKO TRUMPETS* 

One dectfive experkneot remained to be made with th^fe In* 
ArumentSy this was to deftroy and to reAore the adlion of the 
reflexion in a fpeaking trumpet, fuppofing it to take place, 
.and to compare the inteniity of the found obtained in thefe 
two cifcumAances, in order to determine the proportion of the 
eflfeft produced by this reflexion. 1 confequently procured a 
fpeaking trumpet of woollen Auff, wliich 1 placed within one 
of tin, and I obferved that the intend ty of the found obtained 
with or without the (lufT in the indde, was fenfibly tlie fame ; 
whence it follows that Uie refledion has no appreciable influ- 
ence on the augmentation of found in a fpeaking trumpet. 

1 have faid that the inteiifily of the found was fenfibly the 
fame; nevcrlhelefs I muA'^obferve that it was diminithed; for 
the beating of my watch, placed in the mouth of the bare 
fpeaking trumpet was heard at a diAance of 3*. 94, mean of 
flve experiments ('/fj, while when placed in the mouth of the 
fame inArument covered in the infide with the Auff, it was not 
heard beyond 48. This difference, which at the moment 
might be fuppofed toarifefrom lherefle£tion of the found tak- 
ing place in the oi^ cafe, and not in the other, feems to de- 
pend folely on the diminution of the diameter of the cylinder 
of the fpeaking trumpet and of the enlarged parts occafioned 
by the Auflf placed within them; I fatisfled myfelf that the 
fpeaking-trumpet which I made ufe of (b), preferving all its 
diinenAons and experiencing no difference except in the diam- 
eter of the tube, produced a diminution in the intenfity of 
the found, whenever a fmaller diameter was made ufe of ; 
thus, in the fpeaking trumpet already mentioned fh), the beat- 
ing of my watch was heard at adiflance of 3'^. 94, when the 
diameter of the tubcb was 0”^. 035 ; it was not heard beyond 
3®. 08, when the tube was only 0®. 032 ; Anally, it was not 
heard beyond 2®. 34, when the tube was 0®. 028. It is evi- 
dent, therefore from thefe experiment.s, that the diminution in 
the intenfity of the found by cove ring the interior of a fp^ak- 
ing trumpet with Auffs, arifes from the diminution of the di- 
ameter of its tube. 

I fliould obferve that if the internal Auff occaflons an incon* 
Aderable diminution in the intenfity of the found, it, on the 
other hand, produces a great advantage by rendering the arti* 
culated founds clearer and lefs confufed. 

It follows from all which has been Aiewn on the auricles of 
animals, on horns, and acouAic tubes, and on fpeaking trum- 

pejs. 
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ipeC^ sttgmentalion of fooiid« in ovfTjr circattodaiice» P MWjJ 

ii nol O^ing to the refleAion of fonorous rays, confeqoeiitiy 
there eaifls no reafon for feparaUng the caufe which augmentt 
the found in thefe inftruments, firom that which ftrengthens it 
in trumpets and hunting horns ; that the difierent founds pro« 
duced in the two cafes are owing to the vibration of the air in 
the tobcsy and their ftrengths or their intenfities, to the aug« 
tnentation of the amplitude of their vibration, artiing from the 
greater irapulfe which the aic neceflarily receives when it is 
enclofed in a tube. 


Exptriment (A)» 

The tubes and the fpeaking trumpetiof pafreboard. 

The interior diameter of the tube of the fpeaking trumpet is 
0*”. 038, that of the exterior diameter of the enlar^d part s 
0". 210. The length of the tube =: 0*. 4, and the length of 
the enlarged part == O'^. 2. 


Diftance at which the 
beating of the 
watch was heard. 

With a tube of the 
length of 

The 

fpeaking 

trumpet. 

Without 
tube or 
fpeaking 
trumpet 

Obftrvatioiif. 

m. 

0.4. 

m. 

0.6 

m. 

0.10 

TbafiMtdiAr. 
ence between 
thefe eaped- 
roenta arifes, 
ill, horn the 
difpofition of 
KhceogaapM 

id, fmi the 
greeter or left 
notfepioduced 
in the aei^. 
bourlKiod of 
the pleee when 
the esperi- 
aipnfi wen 

1.33 

2.24- 

2.16 

1.33 

1.92 

1.58 

2.54 

1.66 

2.90 

2.66 

1.79 

1.95 

2.16 

2.66 

2.33 
.3,33 

3.33 
1.85 
2.00 
2.66 
3.17 

4.00 

4.66 

5.00 

3.00 

5.00 

3.66 

4.00 

1.00 

1.16 

1.33 

0.83 

1.33 

1.00 

1.00 

Mean 

12.86 

15.78 

18.67 

29.33 

7.6^ 

1.83 

2.25 

2.67 

4.20 

1.10 


« ^ ExperimerU (B)% 

The fpeaking trumpet was of tin, as well as the tubes. 

The interior diameter of the lube of the fpeaking trumpet 
jckO*. 035, that of the exterior diameter of the enlarged part 
?= 0*. 290, the length of the tube = 0“. 3^ and that of th# 
enlarged part s 0.25 • 
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BifcoTcry of . 
new fubftance 
in tungfteiii. 


Where found. 


* 

With an internal diameter of 

Without 
^ fpeafeiB'; 


m. 

0.035 

m* 

0.032 

m. 

0.028 

trumpet 
or tube. 


4.88 

3.58 

*.76 

m. 

1.4B 

3.5S 

2.93 

2.28 

0^7 

o M s ^ 

III! 

3.25 

2.76 

2.28, . 

, 140 

4.39 

3.58 

2.44 ; 

0,62 

8 

3.5S 

2.58 

1.95 

0.82 

Sum 

19.78 

15.43 

11.71 

5.39 

Mean 

3.94 

3.08 

2.34 

1.08 


XVII. 

Account of Cerium, a new \Jtiial ft^und iu a mineral Suhfiance 
from Bofims, in Sweden, % W. D'Hesjnger and 
J, B. Bfrgjelxus 

L 

DtJcrlpUon of the Tungftan of Baftnasn 

j^LTHOUGH this fubftance has been formerly affayed by 
Scheele land D’Elhuyar, under the name of wolfram, its con- 
fiflerable weight, neverthelcfs, determined us to fubmit it to 
farther enquiries. Our principal object was to find yttria in 
itf which> being unknown at the time in which thefe chemifts 
operated^ tnight have efcaped their attention. Our fuppofi- 
tiop' waa not well founded, fince, inftead of an earth, we 
which, according to every appearance, , 
is hitherto unknown, as will be feen in the fequel. 

The tungftein of Baftiias, which we call cerite, for rcafons 
which wdl be prefently given, was found, in the year 1750, 
in e copper-^ine called Baiinas, or Saint-Gorans Koppair- 
grafva, at Riddare^Hyltan, in Wefimannia, of which, with 
aj^beftof, it jfaraed the matrix : but after this time it was im* 
bedded in quartz and mica, to the depth of feventeen toifei« ^ 

« From the S wedifh,' by G. A. Linbom $ but here tranflated from 
the Annales de Cbimie, L. 145. 

Hie 
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The tuDgftein is always mechanically mixed with Dercnptiqgi ojf 

Uack amphibole (hornblende} t ftriated a£tinote, of a 
green colour (Jhorl), mic'a« fulphuraLed copper, bifniutb, and 
fiilphurated molybdena, which may be eaiily known by ex-* 
pofing it to the fire. 

The cerite, properly fo called, is tranfparent, of a flefli Phyfical propetj| 
colour, fometimes deep and fometimes bright, feldom yellow-^*®* 
ifli. In a mafs, or in fmall fpecitnens, the flone is of an ir- 
regular form ; its frafiure is indeterminate, compadl, and a * 

little brilliant, with obtufe edges; its coniiilence is tenacious 
and Hrong ; it gives fire with fleel with difficulty, but does 
not fcratch glafs ; it is not attrafled by the magnet ; after 
having been made red-hot in the fire, it lofes its hardnefs, 
and fix or feven per centm of its weight : by this operation it 
becomes friable, and acquires a bright yellow colour : it docs 
not melt alone. 

On account of its weight, Cronftedt has placed it among du- falfc tung«i. 
the lungfteins, in his Mineralogy. In pure fragments, it is Schet.e» 
to that of water as 4.733 and 4.935 to 1.000. Scheele not 
having found wolfram in it, called it falfe tungfiein. 

The conftituent principles of this mineral were given by ConfVitHcnt 
Bergman, in the Memoirs of the Academy for the year 1784,'*’*”'*****^*' 
page 121, from an analyils of D’Elhuyar: they are as fol- 
lows : — 


Silex, 

- 

- 

0.22 

Iron, 

- 

- 

0.24 

Lime, 

- 

- 

0.54 




1.00 


Heated with borax by the blow-pi^e, it foyns a globule ofHabltuds witl| 
glafs, which, while hot, appears greenifh, but js colourlefs 
when cold. Urged with carl^nate of foda in a platina fpoon 
it i#not dilTolved. 

§ IL 

Analjfis qf the Proporiiont of Cmurn* 

TO feparate the yltria which was foppofed to be in if, it Trcaimcnt el 
was reduced Co a fine powder in a porphyry mortar j 
wncentrated nitric acid was then poured upon it. The acid t 

Was deMMnpofed, and a confiderahle quantity of oitruus gas 
U 3 and 
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• And carbonic acid gas were difengaged* The ftony powder 

was repeatedly treated with this acid^ until the infoluble reit- 
due appeared wliite. 

The folution diluted with water was of a yellow colour^ 
which became greeniih by boiling, and afterwards red : com- 
pletely dried^ it became of a yellowifli white, but regained 
its red colour by attracting humidity. It is entirely dilTolved 
in alcohol ; and the folution, flightly digelled, depofits a con- 
iiderable quantity of oxide of iron. It likewife depofits more 
•xtde of iron by remaining for fome days undifiurbed in a 
window. The decanted folution, being almofi clear, was 
evaporated to ficcity, and the calcined fait was in the form of 
a powder, of the colour of bricks. Water could only diffolve 
the calcareous earth. Di (tilled vinegar could only take up a 
very fmall portion, and was not faturatedf though aflified by 
the heat of ebullition. The evaporated acetic folution gave 
fmall granulated cryfials, of a faccharine afiringent tafie. 
They were not totally folnble in alcohol. The part of the 
acetous fait which was not diffolved in alcohol, gave, by cal- 
cination, a brick-coloured powder, refembling that which had 
not been diflblved. 

Ammonia precipitated the alcoholic folution in a white 
powder, which became yellowifh in the air. It was a little 
foluble by carbonate of ammonia, and acquired the colour of 
bricks by calcination. The fediment being feparated, the 
carbonate of ammonia produced a white precipitate, which 
was pure carbonate of lime. The acetous fait did not there- 
Indicatlona of a (ore contain y ttritf. The powder from which the calcareous 
earth had b^n feparated, diflblved in muriatic acid, with a 
difengagement of oxigenated muriatic acid gas, which indi- 
cated that UieAs was a metallic oxide. 

Was it daide of manganefe combined with oxide of iron ? 

To aicertain this, we endeavoured to develope the^nure 
oxide of manganefe by means of tartrite of potafh, according 
to Richter's method. We decompofed in this manner, a fo- 
lution of this fubfiance in muriatic acid, perfeflly neutralized 
by tartrite of potafti ; and after having waflied the precipitate 
well, we fubmitted it to a flow calcination ; but it only pro- 
duced the brick-coloured powder. 

Does not contain CauAic alkali had no aftion on the infoluble part of llif 
atunine. nitrate ; which proves that it did not contain alumine. 


To 
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To obtain the pure metallic matt^ in a fufildeat quantUp 
to make feveral aflays^ another portion of oerite was dUblvmf 
in nitric acid, and the folation evaporated to fiocity. WMcr 
was poured on the reiidue, and it was precipitated with am# 
monia. The wafhed precipitate was diflblved in nitric acid* 

The folutioni well neutralized with the alkal^ Was afterwards 
precipitated by tartrite of potath. A white powder was alfo 
precipitated from the fame folution by carb^ate of potafli, 
but it was in fmall quantity. Thefe precipitates were fqia** 
rately calcinedt and teth of them acquired the colour of bricks* 

The precipitate formed by the carinate of potafli, was not 
diflblved by potafh aided by digeftion ; it therefore did not 
contain alumine. The iron contained in the folution, preci* 
pitated with tartrite of potalh, was feparated by hidro*fal|^u# 
ret of ammonia. The remainder of the folution of cerite in 
nitric acid, which had been precipitated by cauftic ammonia, 
gave carbonate of lime by carbonate of ammonia. 

From thefe aflays it refults, that cerite contains nearly 23 Component 
parts of filex, 5.5 of carbonate of lime, 22 of oxide of iron, wt, 

and a quantity of this metallic matter, the weight of wlucb, oxii^^iwa. 
after calcination, rather exceeded 50 per ctiU^ But this fub- 
ftance being then, as well as the iron, united with more oxi* 
gen than they contained in the cerite, we have, inftend of a 
lofs, an augmentation of weight, which probaUy arifes from 
the oxigen. Neither is the lofs which the cerite experfonoed 
in the calcination, included in this account. We alfo found 
traces of roanganefe, but in fo fmall a quantity, that potafli, 
melted with the cerite and dilTolved in water, did not give 
any colour. 

Not having the praftice which complete proportionate ana* 
lyfes require, we ofler thefe refults with diffidence, end in Ibe 
hope that fcientific men of more experience will employ them** 
fdveifon this fubjeA. 


§ III* 

Examination of the Metallic Oxide found in the Cerite, 

A PASTE was made of ^7 grains of this oxide and linCwil .f 

oil| which was reduced in darcoal in a covered crucible. mUs* 
Although k retained fome carbon, it loft half a grain of its 
we%ht. Thif naft was inclofed in a lined crucible with. 

* out 




It IB the oii(!e 
i niet:A not 
known. 


jicccmxT or cerium * 

6 

91^ anj flax, and M. Hjelm expofed it for half an lioer ta 
the degree af Are neceflhrj for the redudion of manganefe; 
The oxide was not melted, but reduced into a very fine pow- 
der: it Exhibited" brilliant particles in the day-light, and 
ilained white paper black/ It diflblved in muriatic acid, dif- 
etig^glng, at the firfl, fulphu rated hidrogen gas, and after- 
wards pure hidrogen gas. This colourlefs folution had a fac* 
cbarine tafte. Thus it appeared to us that the metal was rie^ 
duced in part. The origin of the fulphur may be traced to 
the fulphuric acid, from which the matter had been feparated 
by the cauftic ammonia. The influence which this acid ex- 
ercifes in tbefe aflfays, wifl be feen by the rubfec|uent en- 
quiries. 

M. Gahn, at Fahlun, having more convenient furnaces, 
has promifed to undertake the redtiflion of this fubflance with 
more power : if this operation fucceed, we (hall give an ac- 
count of it hereafter. 

Thefe appearances, and thofe which follow, determined 
us to confider the fubflance found in the cerite, as the oxido 
of a metal hitherto unknown, to which we have given the 
name of Cerium, from the planet Ceres, difcovered by Fiazzi. 


Afuancr qf obtaining the pure Oxide of Cerium. 

Proceffcsfor ob- uncalcined cerite was diflblved innitro-muriatic, 

Gaining the pure and, after faturating the clear folution with the alkali, was 
precipitated by tartrite of potafli. The precipitate well 
wafliedf calcined, and digefled in vinegar, contains the pure 
oxide erf cerium. 

Or otherwife deedmpofe a folution of cerium in nitro-mu- 
riatic acid, flill warm, but not fatu rated, by fuccinate of am-* 
monia: a fucciBate of iron is gradually depoiited. The pre- 
cipitation 18 to be continued by means of fuccinate of ammonia, 
as long as a red precipitate is formed : the folution is then 
nearly deprived of iron. After having feparated the fuccinate 
of iron, more fuccinate of ammonia is poured into it, until a 
white precipitate appears. The fixation is the^ left at refl, 
in order that the fmall portion of fuccinate of cerium may be 
‘ deppfit^. The iron diflblved by the free muriatic acid, is 
depofited at the fame time, and the folution is freed from tbU 
metal." The cerium may afterwards be precipitated by am- 
t^onia, and then wathed and calcined, 

a Oi 
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Of the Propertm qf Oxide qf Ccnu|||^. > 

(B.) This oxide may appear In different degrees of 
tion. The alkalies precipitate a white oxide from Us 
w^hich (hows of a yellowifli colour in the air, but« when per-oaidttioa* 
fe61ly dried, becomes dark. Expofed to ft brilk and long- 
continued fire, it takes a deep brick-colour. 7'he oxalate and 
acetate of cerium, calcined in vetfels not completely doled, 
yield a white oxide, which, in an open fire, becomes of the- 
colour ol bricks. It does not melt by itfelf* 

Treated with borax by the blow-pipe« it melts readily and Fufionwkb 
fwclls. The globule healed b> the exterior flame, 
the colour of blood ; which, by cooling, palTes to a yellowiAi 
green, and at length becomes coTourlefs, and perfectly tranf- 
parent. Melted by the interior flame, thefe changes do not 
take place ; it is then reduced into a colourlefs glafs ; but, ex- 
pofed for a fhort time in the exterior flame, the fame pheno- 
mena arc produced. If too much oxide of ceriunl is made 
ufe of, the glafs refembles an opake yellowilh enamel. Thefe 
changes are more eafily manifefled with the phofphate of foda 
and ammonia. If two clear and colourlefs globules are melted 
together, one of which was prepared with borax and the 
other with the phofphate, they form a tranfpareat glafs^ which, 
on cooling, becomes opake and pearl coloured. 

Thefe characters, taken together, fufficiently diUingutlh the 
oxide of cerium from the oxide of iron. The latter alfo offers 
the fame changes of colour, but its glafs, on cooling, has a 
deep green colour, uldck fades. The globules made with 
borax and the phofphate melted together, yield an opake 
glafs, the colour of which is a little deeper, • 

• 

Oxide qf Cerium treated with Sulphuric Acid, 

• fc.) When oxide of cerium is digefied with folphuric acid, Snlphitt of c«« 
Ihefe Iwo fubftances anile, and the rerultis a red infolable |^“ ” * 
fall, which it fulphate of cerium at a metimtim qf ondatwn. ,i„, ^ 

If the acid is concentrated, it fcarcely diflblvu any of h. If 
it is diluted with half itt quantity of water, or a little more, 
the rcfult is a yellowifli oily liquor, which does not adhere to 
the glaft, nor does it wet it. If the acid it mixed with £x Or 
feven times its quantity, or even more. Of water, anil em- 
ployed in a ruSewnt quantity, the oxMe u tiiflolved of An 
' orange 
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Neutral acid. 


Adduloui faU 


* orange colour.^ By a flight evaporation of this folation^ It 
yields fmallg prtfmalic, coherent cryflals, of the colour of 
Addui^ (uU gold. This (alt is an actduloas fulphate of cerium at a inax* 
phate **r*'“**» Tbefe cryflals, thoroughly dried between blotting- 

paper« and eicpofed to the air, are gradually reduced to a 
yellow, almofl cryftalline powder. Kediflblved in water, 
they experienced a decompofition ; a white powder is depo- 
fited, and theiblulion becomes colourlefs. This while pow- 
der is a fulphate of cerium, but little oxigenated. If the fo- a 
lution is evaporated to drynefs, it gives an acidulous fulphate 
but*flighSy"ojd-®^ cerium Aill lefs oxigenated. Thefe cryAals are feldom ru- 
aenated. bical, but almoA always pyTmatic, flriatcd and colledled in 
bundles. Their tafle is four, but they afterwards become fac- 
charine and aAringent. 

Muriatic acid ^ Treated with muriatic acid, the yellow acidulous fulphate 
dulouTfulphate* cerium yields part of its oxigen to the acid^ which is volati- 
of pare uf its lized in oxigenated muriatic acid gas. The fall remains co- 
As^i^anin- augmentation of temperature alone is fiifficient 

creafe of tem- for the yellow acidulous fulphate of cerium to lofe its colour by 
SmrirdidrivM^^^”^ excefs of its oxigen* If the heal is increafed Aill 
oA the acid, and more, the furplus of the acid is carried oA*, and a faturated 
Wphate”^'*'^** fulphate of cerium remains. By a continued calcination, it 
Cakinacion regains oxigen, becomes red, and yields a fulphate of cerium 
at a maxmum. The fulphate of cerium, difoxigenated by the 
muriatic acid, is more difficult to re-oxidate by calcination. 

In the humid way, the alkalies only decompofe the fulphate 
of cerium incompletely. Ammonia precipitates an oxide 
from the acidulous fulphate of cerium, which is only in a fmall 
quantity, but nevertbelefs contains part of the fulplmric acid. 
The fulphate of cerium is not perfectly decompofed, except 
Jby calcination with three times its weight of carbonate of foda 
or potafli. The calcined oxide is of a brown colour. By di- 
geAion, ammonia can deprive it of part of its acid : the (ftido 
takes a diAindt Aefli colour, which becomes brighter by dry- 
ing. DigeAed with concentrated muriatic acid, or with ni- 
tric acid, a fmall quantity diOblves, having its yellow colour* 
Sulphate of ce* Jf a folution of acidulous fulphate of cerium is precipitated 
numaadpottfli, p„tafli, a triple combination of cerium, fulpburic acid, and 
potafli, is feparatedi before the aqid is bturaied. II too much 
potafli is added« the combination is partly deAroyed. The 
fulphate of cerium and potaflij at a maxmam, is of an orange 

colour } 


Oores the oxi- 

gen. 

AAion of the 
alkalies on the 
fulphates of ce* 
rium. 



account of cenium; 


colour ; that which is at a ndnimum, is white* A fimtiar com* * 
bination is alfo obtained by pouring muriate of cdl'iom into^i* 
folution of I'ulphate of potafli. Sulphate of ammonia does not 
ibrjii any precipitate in it ; but« on adding a calcareous fait 
to it^ fulphate of cerium combined with potafli is rapidly 
depofited. 

Thefe charaders offer a ready method of fcparating the fuU Sulphuric acid 
phale of cerium from iron. It mult however be oblervcd,f"|p“^g^J2^ 
(dhat when the folutions are faturated, a little iron is alfo de-amfromiroa* 
pofited, which gives a yellow colour to the precipitate; but 
by adding a little fulphuric acid in excefs^ the iron is redrl^ 
folvedy and leaves the precipitate entirely white. This com- 
bination is only diflblved in part by dilute fulphuric acid, and 
the great cfl quantity of that feparates afterwards. 

The fuiphate of cerium and potaih melts by a (irong heat. !>u1phatey snii 
Feated with charcoal, it gives fiilphuret of potaih and ful- 
phuret ol cerium, belted with carbonate of potafli, in clofed carb'inate of ce* 
vetTels, it yields carbonate of cerium and fulphate of potafli. 

This tall contains only onc*third of oxide of cerium. 

It is diflblved in concentrated nitric acid, and, during the Concentrated 
cooling, an acid fait, formed of acidulous fulphate of 
and a little fulphate of cerium, cryilallizes. Thus the fulphate phatc of cerium 
of cerium combined with potaih, is decompoled by concent *”*1 P®^*ll** 
trated nitric acid. This acid carries oflf the metal, and the 
fulphuric acid is directed wholly upon the potafli, with which 
it forms a fait with excefs of acid. 

Oxide of Cerium with Nitric Acid, 

(D.) Nitric acid diflblvcs the calcined oxide with dilBculty, Nitrate of ceri- 
but that which is precipitated by pure or carbonated alkalies, 
with cafe. When the fuiution is faturated with oxigen, it is 
of a greenifli yellow colour ; but colotirlefs, when lefs oxtded, 

Evapirated to the confifience of honey, it depofiU Jamellated 
cryftals, which attra^ the humidity of the air. The folution 
has a faccharine tafte : like ali the other faturated folutions of 
cerium, it lets fall an oxide of cerium, at a maximum of oxi- 
dation, in the open air. This precipitate is frequently formed 
of oxide of ipon. When dry, this fait Is of a j^ellowifli white 
colour; but becomes colourlefs on being diflblved in a fufli* 

Client quantity of water. It diflblves readily in alcohol. 

4 Aeon* 
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A ooficeot^tcd relation of this fait laites a blood colour, 
on account of a fmail t]uantity of iron, which, by drying, 
fttdes to yoUoviri(h whiUf^ bu( is refiored by a new folution. 

Aoolourlefs and lefs OKided nitrate of cerium, is obtained 
byrdtflfolvJng the yellowifh ialt in alcohol: the folution inflaines 
and yields a white fait. 

It is deflroyed by fire, which drives off its acid. 

With Muriatic Acid, ^ 

Muriate of ce- fE-) The calcined oxide of cerium is flowly dilTolved in 
rittia. muriatic acid in the cold, and more readily by beat ; an cflbr- 

vefcence is produced, owing toadifengagement of oxigenated 
muriatic acid gas. The tafte of the folution is faocharine and 
aflringenl; the colour is a very faint greenidi yellow: the 
dried faliae mafs is yellowid) white, and attracts humidity. 
We only facceeded once in obtaining it cryftaliized. The 
cry dais were white, brilliant, in four prifms, with the 
points cut off. The fait diffolves readily in alcohol, and its 
concentrated folation bums with a yellow and fparkling flame. 
The rehdue of the fait is white and gives a colourlefs fo* 
lution* It is muriate of cerium at a minimum of oxidation. 

Healed in clofed veifels, the water of cryilallization is 6r(l 
diffipated, afterwards the acid paffes in the form of oxigenated 
muriatic acid gas. If the operation is flopped before the acid 
ts entirely volatilized, an undecompofed muriate of cerium, at 
a minimtmi of oxidation remains. 

If the muriate of cerium contains iron, it all fublimes in a 
brown deliquefeent mafs. Nothing remains in the matraf's but 
m white oxide of cerium, which altrads the humidity of the 
air, and tecomes jellow. Thus, fublimation with muriate of 
ammonminay be employed to purify a muriate of cerium which 
contains a little bon. 

Wkh Phojphoric Acid, 

Fhofphsteof ce« (F,) Free phofphoric acid, faturated with an alkali, preci- 
rluffl. pitates muriate of cerium. The precipitate is white, and 

folublr in muriatic acid and in nitric acid employed in fuflicient 
quantity. 

This &lt is alfo obtained by digefting pure oxide of cerium, 
moiflened with phofphoric acid. It is not foluble in ah excefs 
of ibis acid. 


With 
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With Carimic Acid» , 

(G.) The carbonate of ammonia precipitates muriate' ofCsilionaieaf m 
cerium without effervefcence. After the precipitation, car-**““* 
bonic acid is flowly difengaged in the form of bubbles. The 
refidue retains its acid, even after defecation. 

Dry carbonate of cerium has a white colour tending a little 
^to bluifii or greenilh. It diiToIves in the acids with effer* 
vefcence. It does not lofe its acid in an open fire. In clofed 
veiTels, without the contact of oxigeoj it fupports a gentle 
calcination, without being decompofed. 

With Arfenic Acid* 

(H,) Free arfenic acid does not produce any change on Arfcaiate aai 
muriate of cerium. The oxide digefed with this acid, 
an infoluble fait, 5Vn excefs of this acid diflfolves it, and.gives* ^ ®*^*‘*®* • 

an acidulous arfeniate of cerium. The faturated arfeniale of 
cerium is depoiited in the form of a powder during llie evapo- 
ration, The reiidue does not cryKlallize, but by defecation, 
becomes a gelatinous, clear, and colourlefs mafs. 

With Molihdic Add, 

(L) The acidulous falls of cerium arc not decompofed by MolyUate of«e» 
molybdate of ammoniac. The molybdate of cerium is precipi* 
tated from its faturated folutions, in llie form of a white fglt, 
which is not foluble in the acids. 

With Oxalic Aci(f^^ 

(K,) Either the acidulous or faturated folufions of cerium Oxalate of ccH- 
are precipitated by oxalic acid. According to \he degree '*”** 

^f Jxidation of the metal , the precipitate becomes red or 
while. This combination is alfo obtained by digeftng the 
oxide with free oxalic acid. An excefs of acid does not diC* 
folve it, but ammonia readHy effeas its foluSon, giving it a 
yellow colour, 

A fmall quantity of oxide is depofiled by evaporation. 

The folution afterwards yields regular cryftals in the form of 
needles. Pure alkalies do not occaiioa any precipitate. 
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fVtih Turiareous Acid. 

Tartrite of cf» (L.) Free Urtmoat acid has no aflion on muriate of 
rtoin. cerium. The recently precipitated oxide unites with this 

acid by ilige(iion» and yields a tartrite of cerium^ which 
dtflblves readily in water. This fait is alfo precipitated from 
fatarated folutions by tartrite of polafli. Like the oxL 
late of oeriuin« it diflblves in pure ammonia^ but does not 
cryftallize. 

Tartrite of cerium is not entirely foluble in water; the folu* 
tion is precipitated by carbonate of foda# 

c 

With Benzoic Acid. 

Bcnsoate of ce- fM. ) This acid does not a£l on the muriate of cerium ; but^ 

riomt by digeftion, well concentrated benzoic acid dilTolves the oxide 

of cerium recently precipitated. On cooling, the folution hrfr 
depofits cryfials of the acid in excefs, aAd afterwards ben. 
20ate of cerium in the form of a white powder, which adheres 
to the cryfials of benzoic acid. 

The refinous matter with which this acid is frequently united, 
combines with the benzoate of cerium, and forms an infoluble 
brown powder., 

With Citric Acid. 

Citrate and aci- Muriate of cerium is not precipitated by citric acid, 

dulous citrate of gut the oxide digefted with citric acid forms an infoluble fatu- 

ceriuni. 


Acetate of ce* 
rium. 


(To be continuid^J 


rated combination, which an excefs of acid diffolves. The 
acidulous citrate* of cerium is of a yellow colour and does not 
cryftallize." Alcohol deprives it of its water, and of part of 
its acid, but docs not'diHolve it. 

< With Acetic Acid. 

(O.) The calcined oxide of cerium is only very imperfcfU| 
dilTolved in acetic acid, even with the afliiftance of heat ; but 
that which is recently precipitated by the alkalies, is diflblved 
With facility. The faturated acetate of cerium is foluble in 
water ; it has a Tweet tafie, and gives granulated cryfials, by 
evaporation, which do not change in the air, and are but 
nightly foluble in alcohol. 

This fait fwells in the fire, and is deftroyed# 
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Datcii^proof, fr om five pound*; of the dried fruit. This brandvt 
although it retains a (light odour of ih^ fruit, is by no means 
dlfagreeable to the tafre, and I have made liqueurs with it in no 
refpecl inferior to tho('e of commerce, 1 fiiall not delay tho 
publication of the details of this difeovery, from which 1 cUiin 
no credit except on account of the influence which it may have 
on a part of the commerce of tiie eafrern piovinces of Spain, 


Method of obtaining pure Cohalt. Thoms dor ff 

LET four parts of finely pulverized zaffre be intimately Puic coWilti 
blended with one of very dry nitra^p of potafli and half apart 
of charcoal powder; introduce this mixture by finall quantities 
at a lime info an ignited crucible, and repeat this procefs for 
three fucceffive times, by again adding to the detonated refi- 
duary mafs new quantities of nitrate of polafli and charcoal. 

This being done, ntix the mafs with one part of black flux, 
and ex pole the mixture to a red heat for one hour. When 
cooled, feparatc the metallic cobalt, pulverifc it, blend it tu« 
gether with three times its own weight of nitrate of pnlaili, 
and detonate this mixture as di reded before, 'i'he iron which 
was prefent will thus became highly oxidized, and the arfcnic 
acidified, and combined with the polafli. To feparatc the 
flatter, piilverife the iiiars, treat it rc^pcaleili) in water, and fe- 
parate the infoluble part by the filtre. The aifeniale urpotwifii 
being thus got rid of, digeft the rcfidue in nitric acid ; tlie 
cobalt will now be diffidved, and the highly oxidized iron re- 
main untouched. Lvaporale the folution to dr^nef^, rcdifiblve 
it in nitric; acid, re- (litre the folution, iiijcafe fome oxi^le of 
iron fliould have cfcaped unfepaialed, decompofe the folution 
of nitrate of cobalt by potafli, wafh the precipitate,, and re- 
duce it by heat. • 

• II—— 

Metlwd of couti ag Copper vjUk Flatina. Strauss. 

Mr, Slraufs, who has made a number of good experiments Coating coppei 
on platina, has fucceeded in applying Ibis metal to defend the ''*'**** 
face of copper. The folution of platina was precipitated by 

• Gehlcn's Journal pf Chemiftry, Vol. IV, p. 6, 117. 
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muriate of ammonia, then waflied and dried, and ex[){)led to 
a graduated red heat for half an hour in a covered crucible. 
The product was a grey coagulated powder; confiding of me- 
tallic plalina in a (late of extreme divifion. One part of this 
powder with three parts of mercury did not combine by half 
an hoards trituration ; bat upon adding two parts more of mer- 
cury and (lightly beating the mortar, he foon obtained a tena- 
cious amalgam, which was rendered very foft by the addition 
of two other parts of the lad mentioned metal. 

4 fnrall quantity of this amalgam was rubbed upon a plate 
of copper, which became perfeftly covered. The plate was 
then ignited, and was found to have retained a coating of pla- 
tina. In the next place he mixed a little of the amalgam with 
chalk, fprinkleJ the mixture with water, coated the plate of 
copper a fecond lime, and again ignited it. The coating was 
now found to be very perfe£l, and aflumed a (hining filver co- 
lour under the burnifher. , 

This chemid remarks that his application of platina to cop- 
per vclTels mud be fuperior to that of tin; not only in its re- 
lidance to acids and faline matters, but in its durability from 
the greater hardnefs of platina; and he adds that the procefs 
here deferibed, is not more difficult to be eflfeAed than the 
common operation of tinning, 

Tromfdorff^ft Journal, 180 . 3 , Vol. II. p. 18 . 
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Huber, on the origin of wax, 182 
Hutton, Dr. 3, 98 

I. 

Ice, on the latent heat of, 51.— De^fles 
the temperature by radiation, X9jji^Cy- 
lindrical part of water in amafs of, *207, 
JefTup, W. Efq. on an improvement in the 
procefs of bfafling rocks with gunpow- 
der, 230 

Images, optita), do not vary with the pu- 
pil, 235 

Ingenhouz, M. 217 
Inftnsnient, compound eleXrical, 19 
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mine, 114 

for delineattfig ovals, 123 
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Xnilnicnent for mesfuruig tiheabibvption of 
gafes, 255 

■ for meafuring radiant hoitby 62 
J. P. on the Goft of making phofphorua, 94 
Iron^ method of pieparing pruffiate of 
potaih from» 280 

Irvine, Mr. W. on the latent heat of dif- 
ferent iubftances, 45 
Junker, 155 
Juno, a new plani*t, joi 
Jurine, Mr. 150 
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Keir, Mr. 103 
Kennedy, D'« 99 
*Kcrcher, 2S3 

Khwan, 17, 47, 57, IC7, 16a, 270 
Xciaproth, 37 ^ 
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l4a Grave, 175 
l.ambert, 284 

Lamp for burning tallow, dcfciiptlun Of a, 
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Landiiani, 45 
Langvvirh, Dr. 135 
Launoy, 37 

Lavoifier, 24, 107, iii. — An aflertion 
of his controvuti d, 247, 270 
Lead, on the latent heat of, 45 
Leather, niemoii 011 the cliamoying of, 
251 

Lefig-, 249 
Ltflit , Mr. 154 

Lltts, from a mine, dcfciiption and^raw- 
#g of an inllruxnent fuj counting them, 
• 114 

Ligat, experimental demonftiation of the 
gtneral law of the interference of, 63. 
— Comparifon of the meafures of the 
friiges of, 13 1.-* Argumentative in- 
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•"•Strongly refembles found, xgSt^^An- 
^alogy with heat, 202.— Inereafei the 
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Magnefia, native, 2i2 
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rent variation in, 165 
Malton, J. £fq. defcrjption of bU method 
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Marcec, Di. on a cafe of deafneft cored bp 
punflu ring the membrana tympaal, 149 
March, Mr. 145 
Margraff*, 267 

Maunoire, Mr. on a cafe of deafnefl e opl d 
by pundluring the mcnibrana tympHRif 
*49 

Melograni, Abbe, dcfcription ofhll bloira 
pipe, 25, 143 

Membra jia tympani, deifnefa eared bp 
punfluring the, 149 
• Mendoxi, Capt. 5 

Metal, f new, defeription and andlyde if 
the ore of^ 290 

Metallic furfacca, ell radlitti equally, fff 
Mineralogical fyftemi of Romd del'lfll 4 ld 
Abbe Hauy. oudtiies of the, 2d, pt 
Molybdate of cerium, 299 
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Oit| probibly refleQb frigorlAc rays, 190 
Frothing of by dcdricity, 221 
•“—of pepper, 71 
Oiben, Dr. 143 

Optica, phyfical, expennient^ and obler- 
vetlons relative to, 63, 130 
OvaU) fitlipte and cheap tnftiument for 

* Mnetting, 113 
Onlcttrof cerium, 299 

Oitlde of ceiiumi chemical examination 
of, 293 

Oai^pMii on the neceflity of atmofpherlca! 
totbe proceftof vegetation, 217 

* P. 

Pdnt iadlltatei the paiTage of heat, 6t 
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Perfpedbve) inftriiment for drcwinlk from 
p«t«re, itt, X2t 
PhiSps, Mr. R. x8 
Phofphate of cerium, 298 
Phoi)>horated copper, 267 
Rhofphorua, on the coft of making, 94. 
•^Readied method of uniting it with 
copper, 267 
Piana, 2^7 
Piazai, 142, 274 
Pidtef, 194, 207 

Plies, galvanic, power of different ones in 
buining wire, 241 
Planet, 2 new one, 301 
Platina, ignition and tufton of in hidrogen 
gib, 24. — Methol of preparing malle- 
able, 68-<— Iriplc muriates of, 47*-* 
M'’thod cf coating copper with, 303 
riasfar, Mr 104 • 

! ollen of flouers, exam iition of the, 183. 
— Is nov n ( n try to the pi idudtioH of 
bees* wax, 184 —Is the food of the lar- 
va? of the bees, 188 

Port foIio>, cheap and finple contrivance 
for making large, 128 
Prevoft, Profeflor, on an aifeitiunof La- 
voider, 247 

Pneilley, Du 4, 55, iio, 180, 217, 270 
Principle*;, elemental y of bodies, on the 
ontaff ot, 247 

vcgcUble, complicated natuic 

of, 69 

Pri 1, Mr* account of his new flnkinf 
} iri for a clock, 92 
Prize, iftronomical, 301 
Piony, 142*— On a coadenfer of forces, 
»7S 1 « 

Proud on the pr paration of brandy f|um 
the caiobe tree, 302 

Pruffiatc of potafh, bed method of obtain- 
ing It fiee from iron, 280 
Prufl&t acid, its uoaiterability by hca4 278 
Pyrotechnic obfeivations, appUe 4 to the 
/ ^ condru^ioa of evaporating fumac4iino4 
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* Radlatbn of heat, inftroment for meafur- 
ing the cfFefts of the, 6z.-*Is increafed 
by bodies which facilitate the pa0age of 
heat, 194 

Rainbow, fupernumerary, caufed by the 
interference of light, 135 
Raihleigh, P« £fq. 14 
Raymond, 141 

Rays, calorific and frigorific may he the 
fame, 197 

■ — dark folar, experiments on, 140 
R. B. defcriptlon and drawing of his^- 
Rrumentfor drawing in perfpedive, iiz. 
—Another for delineating ovals, 1x3.— 
ProjefI; for a perpetual motion, silt— 
Defcriptlon and drawing of his new pa- 
rallel rule, at 3 ^ 

Reaumur, 18 a 
Red enamel, a68 

Rheumacifm, cure of by galvanlfm, 346 
Richter, Mr. 180 
Ritter, 140 

Rocks, improved procefa for blafiing, 230 
Roy, Gen. 112, 230 
Rule, parallel, defcriptlon and drawing of 
a new, 213 

Romford, Count, on the nature and mode 
of communicating heat, 58, 193, Z02, 
14a.— —Account of a curious phenome- 
non obferved on the G 4 icicrs of Cha- 
mouny, 207 
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Sage, B* G. on a method of givings the 
cq^ur, grain, and hardjefs of Reel to 
• copper, 267 

Salop, mucilaginous powder fwm the root 
of, 234 

Salts, triple of pladna, 67 
Sand, its ufe in blafting rocks with gun- 
powder, 231 
SaufiTure, la, 57 
>90 

Sealing-wax, experiments on iCi power of 
ab(j|£biii| air, 261 



Seeds, pertfli wliiftde|ilH«id 
Segttln, hi* on ^ulioyhqi I 
Sennebitr, 196 
Seymonr, Lord Webbf 144 
Sheldrake, Mr. T. on mgiry^ Vpi^lW 
fpeAing copal vamiihet, xgl ''' \ 

Sbipi, on n iapioMA MMhni 
ftruAing, s66 
SUex and cxfhonatd of lime, 
of, zoi 

Silver, the true melting point pp ' 

— fulminating, aeddent wiHt, Wig* ' > 
Smeston, Mr. a 1 5. — His Sift 

230 

Smith, Dr. 16a 

Smoke from a candle facilitates tlio|edR|« . 
of heat, fiz.—Prevents wamr fiNriuM*' 
ing, 202 

Soda and platiiM, method of pvtpMllf • 
muriate of, 67 * . 

Solar^if 283 

Sound, ftfong refemblanee of It I 4 l||^ ; « 
138.— On the caufes of theiaglWMIll*^ 
tion of its intenfity in l^dtinf 
pets, 283.—IS not dimiiiifiied by in HI- 
ternal covering of wool, 288.— .Kor does : 
its intenfity arife from relledlion, ttp 
Soy, Chinefe, method of preparing, 237 
Speaking trumpets, on cho caufet of 
augmentation of the intenfity of found 
in, 283. — HiOoiy of the inventhm^^ 
ib.— Proportions of a eolficih 284 

• Augmenution of (bund in thofii «Ml 

* cylindwcal tubes, 287.— It is not omkqg : 
to the refie^ion of the (baovent 

289 ^ , .44''^ 

SpermaeetJ, on the latent heat of# 45 
Squares, on the computatioii of taMltdfa 
4, 123, * 7 * 

Squills, vernal, mucitaginotti pePNisf iMt ' 
232 

Star, difeovery of a new movhii^^ghft*; 
Stereb, is a generic term. 
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cft^nei, method of eftiiiiatiiif 
fheir vilue in horfe powers, 214 
fled, expanfion of by heat, 230.— Method 
of MimumcatiAg iti properties to cop- 
fer, 267 

Stmvft on a method of coating copper with 
plitina, 303 

Stmam of water, flrodore for purifying 
a, 96 

Stnkifig part for a clock, new, 92 
Sturm, 2S3 

Sugar, is a generic tern, 70.— Contains 
the principles of bees' wax, 191.— Ex- 
periments on its power of abforbing at- 
amf^ric air, 261 
Sulphates of cerium, 295, 296 
Sulphur, on the latent heat of, 45.>^Ex- 
ferimenta on ita power of abforbing at- 
mo^^icair, 261 

Su^phumt, triple of lead, antimony and 
oopptf, analyfia of, 14 
SwiMardam, 182 

(ihrcfter, Mr. oa the operation of the gal- 
vanic power, 179 

T. 

SFablea of f^uerei end cubes, computation 
of, 4, 123 

TaUew, defcriptlon and drawing of a lamp 
fbf burning, 145 

Tan^ experiment on its union with ftarch, * 

75 • 

Tartriteof cerium, 300 < 

TeropeiatUK is deprelTed by the radiation 
of cold bodies, 194 
TeAer, X42 

TtifoknefTe, Rsi Efq. on gdvanifin, 120 
Thaoldeii,M.on a new planet, 301 
Thomfon, Dr. xy. — On pepper, 68, an 
Thottvemi, 41 

eOFtbe latent heat of, 45 

M hj erroit refp^ag topal 

■ .impirifhit, xsi 

l^Kpi|Ht|P of animals in wialer, priid f eeT* 


Tromfoorff, on obtaining pure cobalt, gog 

Tiottghton, Mr. E« defcription and draw- 
ing of hia tdbttlar pendulum, 225.— His 
mercuiial pendulum perfect, but not 
portable, 229 

Tungftein, newmetal found In a^fuppofed 
ore of, 290 

Turpentine, procefo for diflolfiug copal in 
fpiritof, 154.— -Is a better menftruumr 
than alcohol, xsy 
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V. 

Vail Mons, 221 

Vapour, aqueous, its adiion on water, 99 

Varnifo, copal, letter from Mr. T. Shel- 
drake on, xyx.-* Safe and eafy method 
of making, 157 

fpiiit faciliigtea the paflage of 

heat, 6x 

Vauquelin, 37.-- Hit analyfis of a liquor 
employed to render ftuffa impermeable 
to water, 252 

Veau de Launay, on an accident with ful- 
minating filver, 203 

Vegetables, loofe nomenclature of, 69 .-m> 
Prise queftion refpefting the fouices of 
carbon in, 141.— Die in axote for want 
of their proper ftimulus, 219.-00 the 
mucilaginous powders obtained from 
fome, as fubftitutes for gum Arabic, 232 

Vegetation, on the nacefEty of atmofphe- 
rical oxigen in the procefg of, 2x7 

Vibration injures the articulateiiefs of 
found, »*4 


Walker, Mr. E. on the apparent fise 0/ 
the horizcftital moon, 164.— £xaminii*> 
tlon of his theory, 235 
W ater, Prof. Parrot's machine for filtering, 
40.— Its aAton on pepper, 70.—!$ not 
a folvent of ftarch, 74.— AAioii of 
aqueous vapour on, 90— On the puri- 
111 fication of, by filtration, 9 $. — MskS^ 
I mom of ill denity, txi.— Compofitioii 
1 of, X20.<-*|Aqttir]r Into the Mm of 
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galTsuiifin ofi| i79i— Caanot be made m 
boiJ in a fpoon blackened widi the imokef 
»oa.— 'Is not heated in the dame of< e 
candle, ao3.«*A cylindrical pit of, in a 
mafii of ice, 207. — Ezperimenta on ita 
decompofition by different galvanic ar- 
rangements, 243.«-Compoficion of a 
liquor for rendering ftuffa impermeable 
to, 252- 

IVatt, Mr. 45,48, 2x5 

Weather, moft favourable for the labour 
of bees, 187 

Wedgewood, Mr. 99 * 

Werner, 30 

Wheel kept in perpetual motion by a ma* 
rine barometer, 212 

Wheel carriages, defcription of anappara-* 
tus for locking, *77 

Wilkinfon, C. Efq. on galvanifm and elec- 
tricity, X75— -On the laws of galva- 
nlim, 240 

Willis, Mr. T. on the mucilaginous matter 
of certain vegetables and their ufe as a 
fubftitote forgum Arabici 232 


WUfon» J. onlbiM 
ffyBM of lightging, i * 

Mr. W4 defcription and 
of his compound eledilcal condcttiMr tpl 
doubler, 19 

Winter deep of animalBi priee queftUm if* 
fpe£ting> 141 

W. N. on fairy rings, 4,— On the powar 
of a firft mover, 278 (note). 

Wollafton, Dr. 139, 140, 176 
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Young, Dr. his experiments and calcuki- 
tions relative to pbyfical optics, 63, 130, 
•—On a new moving liar, i I2.-^A the 
maximum of denfity in water, ib.*MOA 
the elafticity of bodies, ii3«— Hemerki 
on the coburs of natural bodies, 1 39 

Z. 

Zinc, fufpenfion of in hklio|tn, 

On the latent heat of, 45. 
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ERRATUM. ^ 

g|n PUti XII. Fig.u by an otmffion in the defign, the bwer ruler has Mt At Aewi 
•onneftion with the frAne as the upper* It mull be joined by probnging tius lodj ApOl 
Ae left hand angle, and adding a rod from Aeace to the bar upon Ae nucr { «i b in 
Aorg, • 
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